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results in alleviation of a m uscle spasm sym^om-of the strabismus within 1 day 
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an extent that no meaningful international search can be carried out, specifically; 



I. I I Claims Nos.; 

because they are dependent cJaims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 

- claims 1-5 

- claims 6-13 

- claims U-20 

- See (1) additional sheet PCT/ISA/210 

1 . I I As all required additional search fees were umely paid by the applicant, this intemational search report covers all 

searchable claims. 

2. I I As all searchable claims could be searches without effort justifying an additional fee, this Authority did not inviu payment 
of any additional fee. 



3, As only some of the required additional search fees were timely paid by the applicant, this international search report 
covers only those claims for which fees were paid, specifically claims Nos.: 



4. X No required additional search fees were timely paid by the applicant Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

1-5 
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LACK OF UNITY OF INVENTION 



1. Claims: 1-5 Method for treating cholinergic secretions 

using Botulinum toxin 

2. Claims: 6-13 Method for treating smooth muscle disorders 

and pain associated therewith using 
Botulinum toxin 

3. Claims; 14-20 Method for treating spastic muscle disorders 

and pain associated therewith using Botulinum 
toxin ' 



The present: application lacks unity of invention since it 
describes 3 different subjecrs defined below which are not 
linked by a common novel and inventive concept. 

The separate inventions/groups of invention are: 

A. ) Claims 1-5 Method for treating cholinergic secretions 

using Botulinum toxin 

B. ) Claims 6-13 Method for treating smoorh muscle disorders 

and pain associated therewith using Botulinum 
toxin 

C. ) Claims 14-20 Method for treating spastic muscle disorders 

and pain associated therewith using Botulinum 
toxin 

(See also page 4 line 29 - page 5 line 7 of the application.) 

It is to be noted the use of Botulinum toxins for treating 

diseases, especially those included in the above groups B) 

and C) is known as acknowledged in the description at pages 1-3. 

See also- Boghen ajid W. Flanders, Eur. Neurol., 1993 , 

Vol- 33, p. 199-203, which describes the effectiveness of 

Botulinum toxin in iihe treatment of spasmodic torticollis and 

associated pain. 
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Specialia 



ICXPERIENTIA 33/6 



Fig Z- a A giant mterneuron is 
presynaptic ^to 2 small blebs. 
^ divergent diadic synapses are 
Irro^^-ed. The blebs are packed 
with svnaplic vesicles and are 
themselves presynaptic as well as 
postsynaptic structures. A trans- 
verse section taken at the base of 
the median ocellar nerve. Bar 
0.25 iim indicates magnification. - 
b A number of long blebbed den- 
drites are presynaptic to giant in- 

temeurons which are themselves 

presynaptic to other small pro- 
files 'in the same area. 2 divergent 

diads are arrowed. A longitudmal 

section from the median ocellar 

nerve pro.ximal to the bram. Bar 

0.5 am. - c A 10 [im wax section 

through the lateral ocellar tract 

showing profiles filled by cobalt 

diffusion from the ventral nerve 

cord and treated by the modified 

Timm technique. Long, blebbed 

dendrites nne the giant inter- 
neurons over a considerable length. 

Thick sections indicate that a 

number of intrinsic inierneurons 

terminate m a similar way m this ^tDOOsed over a short length of their membrane. 1 is postsynaptic to the other 

region. Bar 10 am. - d 2 giant mtemeurons are ^'^^^^ > . ^'^J, be both pre- and postsynaptic. Input or output synapses 

and also postsynaptic to a smaller profile. In this '^^^^''^'l^^^^^^^ .vnapses are usually diadic and divergent. Transverse 

.re usually grouped together m discrete areas -j;;^^^^'^^^^^^^ ".^^The giant interneurons give off very short, stubby collaterals 

section of the lateral ocellar nerve m the pars third order cells interdigitate repeatedly between them. Synaptic 

:rgem:^ntrarr;rnrc^^^^^^^^^^^^^^ ^ — - "^^^ ^^^^"^^ 

bridge. Bar 0.25 am. 




Integration by means of slow potentials ni second order 
cells IS a common feature of visual sensory neurop. e'». 
In the insect compound eye the large monopolar cells of 
the lamma only respond to retinal stimulation ^Mth 
graded hyperpolarisations- ». A ""'q"^/"^';,^,^'" ^.^^ 
ocellar system is the size of the second order cell, and the 
distances involved and the fact that the ocellar neuropilar 
area has become extended over the axonal length of the 
f;bre A contributory factor here may- be the fact that the 
lateral and median ocelli are linked in pairs by ^ large 



axons. The axonal integration area described may thus in 
effect form a common neuropile area for each pair ot 
ocelli Information processing along visual interneurons 
of this size and accessibility offers a most promising pre- 
paration for examining mechanisms of graded synaptic 
transmission. 

10 F O Schmilt, P. Dev and B. H. Smuh, Science 193. 114 (1976). 

11 S. B. Laughlin, J. con.p. PhvMol. SJ. 335 (19,3). 



Modification of the action of pentagastri 



n on acid secretion by botulinum toxin ^ 



T. Kondo^ and D. F. Magee 



n.pa.^en. of PHy.olo.y. Ore.,... Urn^ersUy. Sc>,oot of Me..c.ne. 2500 C.Ufornia Sir.t. Or^aHa 
(Nebraska 681 78/ USA). 26 November 1976 

was unaltered by the toxin. 



Vizi et al » have provided evidence that pentagastrin(PG 
does not act directlv to stimulate guinea-pig intestinal 
muscle but via a cholinergic intermediary mechanism. 
We have found *•> that after morphine sulphate or hemi- 
cholinium admmistration to conscious Heidenham pouch 
do-s a positive dose-response relationship between i.v. 
nentagastnn and gastric acid secretion is no longer ob- 
tainable. Morphine depresses acetylcholine release at 



cholinergic neuroeffector sites' and hem.cholmium inter- 
feres with acetylcholine s%'nthesis-. This suggests that the 
action of PG on gastric secretion also requires cholinergic 

'MaUrxal'arxd methods. As a final test of this hypothesis 
we have measured PG-stimulated gastric s'^^'-f 
anesthetized (chloralose) gu.nea-p.gs and rats before and 
after botulinum toxm. In each animal after anesthesia 



the external jugular vem was cannulated and a tracheal 
tube inserted. A stomach tube was passed and the pylorus 
cannulated. After completing the preparation of the ani- 
mal i.v. saline was given for 30 min (3 collections), then 
0.04 [jLg/min pentagastnn until a plateau of acid secretion 
was reached. At this point 0.5 ng/100 gm of botuhnum 
toxin was given as an i. v. bolus in phosphate buffer at 
pH 6.8. Pentagastnn was continued for 4 more 10-min 
periods at 0.04 ^g/mm. Then it was increased to 0.1, 0.2 
and 0.4 for 2 collections at each level. This was succeeded 
by pentagastnn at a baseline level of 0.1 p.g/min for the 
remainder of the experiment plus histamine, 4 jig/min in 
guinea-pigs, 0.5 ^tg/min of methacholine in rats and bi- 
lateral vagal stimulation for 20 mm m both (2 collections). 
Before histamine the animals were given 2 mg of pro- 
methazine HCl i.v. 
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Fig. 1. The effect 4- SE of botulinum toxin on pentaga5trin-{PG) 
stimulated acid and pepsin secretion in rats and the effect of metha- 
choline (M) after botulium toxin. PG was given throughout. The bars 
represent difference from PG baseline (0 hne) in the same animal. 
* significant change from PG baseline, p < 0.05. n — number of 
animals. 
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Fig. 2. The effect ^ SE of botulinum toxin on pentagastrin-stimu- 
laied acid and pepsm secretion and the effect of vagal stimulation 
and histamine in control guinea-pigs (VC and HC) and in guinea-pigs 
after botulinum toxm (\'B and HB) as in figure 1. PG was given 
throughout and the bars represent change from the PG baseline 
(0 line) response in both groups of animals. *sigmficant change from 
PG baseline, p < 0.05. 'significant difference from animals given 
to.xin, p < 0.05. n = number of animals. 



At 10-min intervals the stomachs were flushed with 5 ml 
of warm saline. These washings were titrated and samples 
saved for pepsin determination using Anson's • hemoglobin 
method. Controls were conducted in separate animals and 
duplicated the experiment exactly except that the phos- 
phate buffer did not contain botulinum toxin. Comparison 
was made both with the change from control in the same 
animal and collection by collection between control and 
experimental means using student's t-test for paired and 
group comparison respectively. 

Results, Botulinum toxin brought about a prompt de- 
cline to near vanishing point of pentagastrin-stimulated 
acid and pepsin secretion in rats (figure 1). No subsequent 
dose response to pentagastrin could be obtained at any 
of the PG doses tried. Methacholine still produced good 
secretion despite botulinum toxin. Vagal stimulation was 
never successful in either control or experimental rats. 
Substantially the same was seen in guinea-pigs (figure 2). 
Botuhnum toxin abolished the acid and pepsin response 
to vagal stimulation but not to histamine. Vagal stimula- 
tion produced copious secretion in control guinea-pigs. 
The response to histamine was, however, significantly 
smaller after toxin than in the control animals. No stimu- 
lation of acid and pepsin was obtained with increasing 
doses of gastrin. The major difference from the rats was 
in that botulinum toxin itself increased acid secretion in 
guinea-pigs. This initial burst of secretion gradually de- 
clined over 60-90 min. An attractive explanation for this 
is possible histamine liberation by the toxin in this his- 
tamine-sensitive species. 

Discussion. Since botulinum toxin exerts its pharmaco- 
logical action by preventing liberation of acetylcholine 
from nerve endings, these experiments add further evi- 
dence to support the hypothesis that acetylcholine is a 
necessary intermediate for pentagastrin stimulation of 
gastric secretion. That the secreting cells are themselves 
active is evident from the continued efficacy of 2 direct- 
acting stimulants, histamine and methachohne. Hista- 
mine was less effective in guinea-pigs after toxin, but the 
action of methacholine in rats was unimpaired. Proof that 
cholinergic secretory mechanisms have indeed been 
blocked is provided by the failure of vagal stimulation 
after botulinum toxin to increase acid or pepsin secretion 
in guinea-pigs. The gastric secretory cholinergic mecha- 
nism seems to display a marked sensitivity to botulinum 
toxin since within the time span of our experiments 
breathing and skeletal reflex activity remained virtually 
unimpaired. Similar sensitivity was seen to hemicholi- 
nium which, in conscious dogs, produces no obvious im- 
pairment other than of gastric secretion*. 
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Akkommoda..onsU.hmung no ^.^ 

.oniseher Erwci.erungdcr ''"r'"^"; c«i,h.^ nanKnll.ch 
,„„crsuM =^Sab kemc wc.teren CCS P|^^^^,^.„,^^,„^ 

bcstandcn keine H-"--'^ "^^ j,, m,,,^ Wonn.c das 

glcichiaes angcselZ.en ^--Jir'-^^^^^^^^ Paticn.cnbU.. cindcui.g 
Vorhnndcnscin von '!^,„c,^,„ war mi. 3.5 n.- 

vcrir..icr. -rden. Dic^ 

op,ricnnurnochmass.gc.ngcschranU_u ^^^^ 
0^5 cm bcidscits P=.''^-'"»^'^t;c 'rce^^^^^^^^^^ 



6S6 

regclmassigcn Puis von 80/min hiclt sich der Bluldruck um 

"Sli?applScrtcn nun 50 ml polyvalentes Botulismu^-Strum 
(Behringu'crkc) intraglo.aal. Nach dicscr Mo«nahme w,Il dcr 
Patient cine Iclchtc allgemeinc Bcsserung bcmerkt habcn. Im 
Schinncr.Tcsl fand sich cine Zi.nahme dcr TrSnensekretions- 
mcnec auf 1.2 cm bcidscits. Die Sialometric ergab nun noch 
ctwas wenigcr Ruhespeichel. Ein weitercr Ticrversuch fiel jetzt 
3^^^ ncfi^tiv 3 us. 

37 Tage nach Krankhcitsbcginn und 2 Tage nach der Serum- 
therapic gaben wir zusatzlich CuanUlimm hyclroeliloricum (3mal 
500 mg/24 Std.) per os. Das Elcktromyogramm ergab kerne signi- 
fikant pathologischen Wcrie (s. untcn)und konntcsomit n.cht als 
Kritcrium furelncn allfalligcn ThcrapicefTckt dicnen. Am folgen- 
den Tag habc dcr Patient zuhausc nach ciner warmen Duschc 
fast schlagarlig wieder normal gesehen Die Cuan.d.nbehand- 
lung worde fortgcsetzt und vcrursachte bcc Emnahmc jedcr Ta- 
blcttc perioral sowic an den Hindcn ParSsthcsien. Nach emigen 
Taeen war die bisher hartnackige. mil Kllsliercn und manuellcr 
Bauchprcssc bekampfic Obstipation in einc vorubcrgchendc. 
ieweils von der Guanidineinnahmc abhSngigc D.arrhoe ulxr- 
gcgangen. Hicr wurdc die Medikation. die nach Meinung des Vz- 
ficnten die Wcnde herbeigefuhrl haite. sistiert. Die M.klions- uiVd 
ctwas spater aueh die Poicnzstorung haiten sich schon vor def 
Hospitalisation normalisiert. Die ^^^'^"^'^p};?]^"^} "^'j 
weiliger Dysphagic pcrsis.ierte ubcr annnhernd ? Mon»tc und 
auch nachher klagte dcr Patient ubcr e.n mcrkwu d ges Geruhl 
wic wenn dcr Mund wicJcr trocken wurdc, obwohl dies nach dcr 
Speichclnvrnge zu schlicsscn nicht zutrclTcnd gcwcscn sc. 

Eingehcnde ncurologische Kcn,rol!„nlcrs„chwgen nach 5 ■/> und 
8 Monatcn ergabcn normale Rcsultate bis auf erne •'T'"" 
Icichl pathologischc Hypolakrimation .m Sch.rmer-Test. Samt- 
lichc Beschwerdcn waren jedoch verschwundcn 

Der gesamte Krankhcitsverlauf ist in Abb. 1 dargcsiellt. 

Verlaiif, Unierstic/umgsergebnisse und Tlicrapie 
bei 9 Paticnien 

Lafcnz: Das bci 5 Patienten sicher bcstimmbare 
IntcrvalUwischcnEinnahmedesgifihaltigenKascsund 

dem Auftreten crster Krankheitszcichen betrug im 
Mittel 37 Std., minimal 4, maximal 108 Std. 
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Erstsymptome: Ohnc Rcge! konnten sowohl gastro- 
intcstinalc Erscheinungen als auch Obstipation, Mund- 
trockenhcit, Verschwommcnseheu Oder Schwindc! als 
erstc Erkrankungszeichen auftreten. Die okularen Sym- 
ptome tratcn meistens spater auf als die gastrointesti- 
nalcn. Die Patienten suchten den Arzt meist wcgcn der 
rasch einsctzcndcn. sehr bceindruckenden Schstorung 
auf. 

Sympiomatologie (^Abh. 2): Das Krankhcitsbild war 
durch das regelmassigc Vorkommcn von Verschwom- 
mensehen und Mundtrockenheit mil Dysphagie mar- 
kanlcharaktcrisiert. Zwei Dritte! der Erkrankten waren 
obstipicrt. Mehrmals, jedoch nicht obligat. wurden 
Nausea und Erbrechen sowie Durchfallc und kolik- 
arlige Bauchschmerzen im Anfangssiadium angegeben. 
Frappant waren Verandcrungen der Psychodynamik 
mit Unlust, Abgeschlagenheit, Dcsinteresse und man- 
gelndem Beharrungsvermogen. die wir untcr dcm Bc- 
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Abb. 2. Haufigkeit der Symptomc bci 9 Patienten mit Botulinus- 
intoxikation Typ B. 
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Abb. 1. Patient D. C. Synopsis dcs Vcr- 
laufs cincr Icichtcn Vcrgiftung mit Boiu- 
linusioxin Typ B. j 
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• ^^r. Hher eine eiaenlliche soma- 

omj.v:rischc Schwacne u . ; die man 

'atia tou. nicht jcdoch uber Wic 

lis Ausdruck cner b"lbaren in" 
pretieren. Die Pai.enten konn.en gisscn. 

ohnc Regurgitation ^""'^^^ ^^^Y^^'^f^hlucken.^ 
nicht jcdoch venig'rockeneSpe^en scn.u 

delwarcinhaufigesSy^^^^^^ 

gcnanntcn ""^>'^.^*^'^''i''\" ' ' ieunp wie wir sie von 

dcr or.hosiatischen "^P^ /j;; Potenzstorungen. 
zigcn Fall bcstandcn uber Anrallc 

eincsepisodischcn trockcn- g^^^^^^. 
in Zusammenhang mil ciner t 
sekretion. im Neurosiatus fanden 

.ir als einzige rclevante Befunde .ne se l ^^.^^^^^ 

eine Abweichung des Na^,"^,^; r'anderscits 2mal 
infolge Akkommodai>on bhmung^ 

eine ve-ogerte L,chtr«kt o^d^^^^^^^^^ 
rrem1SrPre:r^:ei.a..a.n.ve.di^^^ 

sonderc Beachtung. ^-..-ibe fiel wic Routinc- 

untcrsuchungen >n Blui una ^ 

; rMii AnlitoxinceschiitzieMauscdencn 
rifn w»c/i:(Mit Z^"/'.^'';' ■; . ^onnien uberleben. 
toxinhaUigcsBlutapphz.c i -urd^-^°^^^ 

Botulismus starben. E'" j'^^^^ '^j^^^j^,, positiv aus. 
alien Patienten d^^-r'^^^^t , is zum TcTl 7 Sis 28 Tage 
.vobeidie -^r; R.sul,aten crfolg. 

betraecn hattc. Be, den dem 28. 

,cn die Bestimmungen ^^1 ."■J^^;^;^'^^^ dieses an sich 

Krankheitstag. Em "^Sf ^^^,^,'^"dn^ 
hochspezifischen Versuchs sch ,e d s g ^.^^ 

Botulismus kemes.^gs au- E'^^^^^^^^^^^ ^^^.^^ .i^^ur 
geringc Mcngc noch vorhn"denen ^^^^.^^ ^.^^ 

vcraniwortlich ^^'"'/"^"^tSir' B,i der gesichcrten 
voUige Elimination dcr G'f'^^^P^^- J' und den Ober- 
Gemcinsamkcitderlntox^^^^^^^^^ ^. 
einstimmungcn ,m U.n H^^^^^ ^.^^^^^^^ 

Patientcn ohnchm ke-n Z opbthalmologischen Be- 

-^^•^•-'•'"''tXn ^An angsstadium bei 2 Paticn 
stimniungen ergaben im a - . Forlgcseizte 
ten 0. jedoch nic mehr als 3 uiopi _ „.,u„rc 




£J;r-brUnJAugc:7MonMcsp5,er. 

..ngsbreite und ^n.-c^.^^^^^^^^^^^^^^ 
verwcndeten Maienal ''^'^^'^^^^^ 
deutung abgesprochcn w d --^^^^^^^ 
dctcnLackmuspap.er.)D.c Weucn^^^^ 
bei den Erstun.crsuchungen durchschn > ^^^^^^^ 

n,inimal 3 mm. "^^^""^^ '/^"^X"^ :- brenncndc 

n,ag die Klagen ^'"^'^ "fl/^J^^^dl^er^^^^^ 
Augen f 'aren_ wenng^ch -h ^ ^.^ 

lesis Koii"^ Ausnahmc (S. B.) anc 

ceringe Sekrelionsmengcn ergab. ^.^^ 

rot,sspe.chel zur Mcs ^ Kanulc ab. 

"r^"' iu^aJknten cewonnencr RcsuUate be.rugen 
Die so bci 4 Paticnien weniccr. als dies der 

wortprovoziertwcrdcnl25.551. ^ 
Fleklrocnzephalograplne: In 2 balien u 
^' iuo^uitei welche normal ausfielcn. 

stromkurvcn "bS-^ ^^^^ ' ulnaris wurdc am 

r ° / o^rhrdcs tllenbogens Wockicrt da- 

durch konntc eine ""^[^^^^^^ ; ^d J^ und 

^ ^ . ;,,ranesst.d,um t,e. . ra....- rung des untersuchien Muskeh^^^^^ 

stimmungen ergaben .m A^'^^^g;^;? Fortgcseizte die Untersuchung wurde ^emg^^ Summenpotentialc 

,cn 0. jedoch n,e mehr ^'^ ? I^°P Verlaufs Oberflachendektroden xvurdcn ^^^^^ 

Kontrollcn erlaubten e.nc Ubervsachung "^^Sn dL^^ dieses 

bis zur Normalisierung. ^.^^^ p,,,,. jeitet^ f '^'^^"tle £=n Bedingungcn rcgistriert 

Sch:rmer-Tcs} (Abb. .^). (f-'':^ f ' Konjunktivalsack Muskels unter '^o""'^^"^ unicrsuchicn Muskcl 
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mil 10/scc wahrend 4 sec und mit 20/scc wahrcnd I min. 
Nach ciner iclanischcn Rcizung mit 50/sec wahrcnd 
1 sec wurde mil Einzelreizen wahrend 10 min nach eincr 
posuclanischcnErschopfnugoderFazililierunggcsucht. 
Bci kcincm der Paiicnien konntcn Bcfundeerhoben wcr- 
den, die signifikant von der Norm abwichcn. Wicdcr- 
holtc Untersuchungen bei 3 der Paticnlcii vor und nach 
Behandlung (Antitoxingabe und Guanidin) zeigten nic 
cine signifikantc Vcranderung der Befundc. 

Therapie: 5 Palicnten. davon 4 mit posilivcm Tier- 
vcrsuch. erhielten zwischcn dcm 1 0. und dcm 35. Krank- 
heiistag eine iniragluiaalc Tnjektion von 50 ml cincs 
polyvatenien (A, B, E) Bofulinusanrifoxins. Ein in cinem 
Fali nach 7 Tagen wiederholtcr Tierversuch crgab nun 
ein nceatives Resuliat, was auf eine Elimination vorher 
noch vorhandenen freien Toxins schliessen lasscn konn- 
tc. Ob der Verlauf im ubrigcn gunslig bceinflusst wer- 
dcn konnte, lassi sich aus dem vorliegcnden Kranken- 
gut nicht schliessen (vgl Abb. 4). 2 Patienien. beide mil 
posiiivem Tierversuch. erhielien ab 32. bzw. 35. Krank- 
heiisiag wahrend 10 Tagen ausserdcm Cuanidinum 
hvilrocfiloncum (3mal 500 mg/24 Sid.) per os. Beide Pa- 
tienien eabcn kurz nach Behandlungsbcginn cmcn 
Ruckcang der Sehsiorung. ein Patient zudem erne auf- 
falligc Beeinflussung der Obstipation mit Obcrgang m 
Diarrhoe an. Als Nebencffekte wurde in bcidcn Fallen 
uber Nausea. Schwindcl und heftige Kribbelparaslhc- 
sicn einmal an den Handcn und cinmal an den Fusscn 
gcklagt. Da die vorgancige elekiromyographischc Un* 
lersuchune kcine relevantcn Bcfunde ergchcn haltc. 
warcinobjekliverNachweisdcrGuanidinwirkungnicht 

moglich. 

Verlauf {Abb, 4): Inncrhalb weniger Tage bildclcn 
sich siets Erbrechen und akuie gastroinlestinalc Er- 
scheinungen zuruck, gefolgi von einer Vcrminderung 
dcs Krankheiiseefuhls mit ailgemeiner Schwachc und 
unsystematisicrtcm S:hwinde!. Nach und nach norma- 
lisierle sich auch der Stuhlgang. Die letzten Beschwer- 
den bczogen sich 6mal auF Mundtrockcnheit und 3mal 
auf Verschwommenschen infolge Akkommodations- 
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Krankheiisdauer. Therapie und Ictztcs Sympiom bci 9 



Abb. 4 

Patienten mit Botulismus Typ B 
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lahmung. Die Symplomc dauerten wcnigsiens 20 Tage 
lang. bci 2 Patienten linger als 70 Tage. Eine Paiientin 
klagte auch nach dicscr Zeit noch uber Mundtrocken- 
heit, wobci eine Sialomctric der rcchten Parotis nach 
wie vor keinc raessbare Spcichelsckretion ergab. Der 
Schirmer-Tcst bei 4 symptomfrei gewordenen Patienten 
ficl bemerkcnswerterweise durchweg noch palhologisch 
aus. Zu beachten ist fcrner die Fcststellung bei einer 
Paticntin, xvclchc auch nach vielen Monaten uber einc 
vorher nicht gekannte Empfindlichkeit mit Augcn- 
brennen bei Windexposition klagte und bei wekhcrdcr 
Schirmer-Test nach 7 Monaten eine noch germgrre 
Sckrctionsmcngc angab als wahrend der cigenthchen 
Erkrankung (vgl. Abb. 3). 

Diskussion 

Botiilinusroxin 

Das Toxin ist ein durch das Clostridium botulinum 
produziertes Protein, das in reiner Form eincs der 
stirksten Giftc darstelli. Die Inioxikation erfolgt durch 
Ingestion verdorbcner, oft konservicrtcr Speiscn. wie 
Fieisch. Fisch, Gemuse und andcres. Eine parenlcralc 
Vergiftune beim sogenannten Wundbotulismus ist aus- 
scrst selien [45). Die serologisch diffcrcnten Typen A. 
B. C D. E, F. von dencn nur A. B und E - bei uns be- 
sonders B - vpn Bedeutung sind. unterschciden sich 
auch nach Molckuiargewicht und Aminosaurenkom- 
position [41]. Bci speziesabhangiger EmpHndlichkcu 
gcgenuber bestimmten Toxintypen (D-Toxin lahmt 
die Blase von Ratten wirksamer als A-Toxin [5]) smd 
die Vergiftungssympiome stets dicselben [39]. Un- 
gleichc Auswirkungen kommcn praklisch in der Lcla- 
fitat botulinusintoxizierter Menschen zum Ausdruck. 
Die Letalilat diirfte zwar allgcmcin abgcnommcn ha- 
ben [28]. ist abcr fur A-Vcrgiftungen hohcr als fur B- 
Vcrgiftungcn [3. 18] und bclragt bci stark divcrgcnlen 
Angaben und unier Ausschluss cxtrcmster Wertc 10 bis 
65% [18. 31. 53. 64, 67]. 

Pafhophysiohgie 

Die meisten Intoxikaxioiiscrsclicmui.iicn erklarcn 
sich durch eine Storung der cholincrgischcri Obcrira- 
gung. insbcsonderc am neuro-muskularen Ubcrgang. 
abcr auch an den pra- und postganglionarcn para- 
sympathischen und cinzelnen postganglionarcn sympa- 
thischen Ncrvencndigungcn sowic moglichcrwcisc am 
Nebcnnierenmark [26). 

Nachdem der periphere Wirkungsort schon lancer 
bekannt gewesen war [17. 21. 33] konnte AMnACHC [2] 
erstmals die selektive Wirkung des Toxins auf die 
cholincrgische Obcrtragung dcmonsirieren. Die Theo- 
ric der quantenmassigcn Frcisclzung dcs Azetylcholms 
an der molorischcn Endplatic [36] dient hcute als Vor- 
aussctzung fur das Vcrstandnis dcs Botulinuscncktcs 
auf die neuro-muskulare Obcrtragung (Abb. 5). Das 
durch Nervcnimpulsc in den Synapsenspalt frcigesctzte 
und durch Membrandepolarisation die Muskelfaser cr- 
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Abb. 5. Wahr- 
schcinlichcr Wir- 
kungsmechanismus 
von Botulinusloxin 
an dcr ir.otorischcn 
Endplatic. A = 
normalc Trans- 
mission, B « Inter- 
fere nz mit Toxin. 



Jnrrelai wahrschcinUch in den prasynaptisch lokali- 
Korrclal ^^"^^ Vcsikcln. Nacli mchrheitl.cher 

Nen- >m Sinnc ciner Fazilmerunc grcb. 

„««f^ntiale erzeuccn als Emzelreize [9. 43, 55]. 
summcnpoient.ale e zeu ^incr Fre- 

den Wirkung infolge Erschopfung ^er R..ene 

,a,c, B-'™; j;,"^,, w 

ten konnlcn kurzlich , ^^i; s.ruk- 

'""rltffl™^ em! XTolic.k.i, m„ den, E»,cn. 
werden 132]. woDci CM nic-^c'^ mynsthemsche 

Syndrom weis. auch °^7° jies die bcidcn 

einzigen bishcr ^.^t 'dcr vlcholinf^^ 



Fin ,^niralcr Angriffspunkt des Toxins wurde auch 
i.':rwed^;^^^^^^^^^^^ 

nsXicnz wurde sowohl cincm rein muskularen Me- 
hanS47) als auch cincr dircktcn Wirkung auf das 
chanismu. J ^ j ^Is Hinweis auf cinen 

"rgC'"XurdenEEG-V^^^ 
"rPcrToden elckirischer Stille bci inlox,z.cr.cn AlTcn 
^;l'ahcr -ch Ange.einver.„ - - 

Bcrkhte ubcr"normalc Hirnsiromkurxcn vor (30 381. 
!cncn ^ir ur^scrc z.ei Beobachtungcn be.rugen kon- 
nen Obwohl Falle mit zerebraler Bc.c.l.gung m Fom 
^on BcwusstscinstrGbungen bekannt smd HS-^^^^^^^ 
d?e" die Ausnahme dar, und Graebner und Clceuano 
im konntcn bei schwcr Bcfallcnen m.t ausgesprochc- 
ncrParcsen psychometrisch normalc Hirnle.Mungen 

"DirSunesweisc dcs Toxins im au.onomcn Ncr- 
vcnsvstem blcibt vorderhand ""^c^^f ^ .„,i^„ 

Di'e dargelcgicn Verhaltnisse smd m '»^;;! 
zum klinis^hcn Bild in Abb. 6 zusammcngefasst. 



Klinisches Bild 

Die Diacnose Boiulismus ruft in uns zunachsi die 

nnd kolikariioc Bauchschr.ierzen. Gle.chzc.t.g 
e : s p trmachen sich eine allgemcinc Mud^- 
Jeit und Schxvache bemerkbar. Das ^^"""^f, 
uLunesbild wird haufig angeruhrt durch den Ausfall 
"otrnfoLischer H.rnne.en '^^ 
nvsDhacic und Dvsphonie. Zuersl auf .Arme od>r Beine 
^.^re'end schrciten die Uhmungen bi-- ^chlafTcn 
Te.r.;plegie mil Ateminsumz.enz [^^' J^^Jf^^Z 
Mutonomcn lnner^•ationsst6rung kommt cs zu cmcr 
Xnen Ophthalmoplegie mil Akkommodanon - 
sLmuna u. d mydrialischer. areflcklonscher Pup.Uc 
ovvi; 4cr dens'elben Mechanismus ^" .--7^'^^;; 
•^eincn Hyposckreiion zu cm- ^^^^^ 
mit Blascnaionic und cmer iacn\KJiu«- 
Fallen irili unier dcm Bild des Atemsij^ s.ands^g ic 
genilich auch des akuien Heriver«,gens. der Ex.ius 

"",n zohlreichen Publikationen ^^"^ij'^X 
Mre Krankheiisvcrlaufa bcrichtei [44 46. 6.). In 
die er Weise xveichen auch unsere Fallc emdeui.g vom 
eSn ecschildericn. als Icbensbedrohhcb ^ei ach- 
cndcn Vergifiungsbild ab. Als Icichtcste und .sol.ertc 
Zci n Wonnen Mundtrockcnhei. 129. 40] odcr Aupen; 
f;:;ptome [40. 57] vorUcgcn. in M.ie.ungcn uber^g^^^ 
sichcrie B-lnloxikalioncn (35. 38. 5_, 35J " 
Aneaben uber vcrschiedene Schwcregrade. Der Fall 

^ncr 40jahr.gen Patienlin von J^^^^^^'^'' 3'^^ 
35] mit wahrscheinlicher B-lntox.kat.on und fast aus 
sch iesslich auionomen Siorungen .st m.t unseren Pa 
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Abb. 6. Symptomc dcr Bolulinusintoxikalion und dcrcn wahrschcintichcr palhophysiologischcr Zu^^mimcnhang. 



ticnicn gui vergleichbar. Wie bei diesen erfolgtc die 
Erstunlersuchung cinigc Wochen nach Krankheits- 
bcginn.Wirzogcn zwareincn bereitsremiitierien ncuro- 
Tnuskularcn Befall in Erwagung, konnlcn aber ana- 
mneslisch keinc stichhaliigen Argumente fmdcn. Etwa 
eine Ptose oder ein paralytischer Strabismus - wclcher 
in diesem Zusammenhang Icichi zu verwechsein ist mil 
KDoppellschen» infolge diopirischer Visussiorungen - 
haitcn unseren durchweg difTercnzicrlen Palicnten aul- 
fallen mussen. An verschiedenen Beispiclcn schwercr 
A-Vergiflungen muss beachiel werden, dass aulonome 
Funktioncn nichi zwangslauftg bctroffen werden [7, 9, 
27, 61]. V/ir mochlen demzufoige anhand unsercr Pa- 
Tientcn auf die Moglichkeit einer speziellcn Affinitat des 
B-Toxins zur aulonomcn Innervation hinweisen. 

Entgegcn den Erwartungen bei einer Icichten Vcr- 
giftung haben die Symptome uberraschend lange persi- 
st iert. Die A kkommodat ionsstorung als ofTensrchtliches 
Krankheitszcichen wurdc oft durch die wenigcr auflai- 
lige Mundtrockenbcit uberdaucrt. Mit dcm Schirmcr- 
Tcs' und dcr Sialomcirie konnle unscrcs Wissens crst- 
mals gezcigt werden, dass durch die Botulinusinloxi- 
kation eine das ubrigc Krankhcitsbild bis Monate uber- 
dauerndc Sekretionsstorung an Trancndrusc und Pa- 
roiiscntslchcn kann. In Analogic /u den Bcobachlun- 
gen von DiJcnrN [20] an dcr moiorischen Endplatlc 
konntc es sich dabci urn die Folgen einer toxinbeding- 
icn Denervation handein. welchc durch Zeit bean- 
spruchcnde Rcgcnerationsvorgange kompensiert wer- 
den muss. 



Therapic 

Die Vcrdachlsdiagnose Boiulismus gcnugt in dcr 
Regcl. urn cine sofortigc Therapic mit polyvalentem 
Antitoxin cinzuleitcn. Entschcidcnd isi die Aufrechf- 
crhaUim^ von Atmimg imcf Kreisfauf. notfalls mit rcani- 
malorischen Massnahmcn. Mitllcrwcilc kann das Re- 
sultat des hochgradig spezifischcn Mauscvcrsuchs abge- 
wartet werden. 

Dber die Frage der Bcrechtigung zur nichl risiko- 
losen Scrumtherapic bcsteht allerdings keine Einigkeil. 
Verschiedenen Auloren befurwortcn ein seiches Verge- 
hen gcRcrcIl [4. 35, 38, 52]. Minervin [50] empfiehlt so- 
gar cine zusatzliche peroralc Scrumgabc in der kcincs- 
wcgs allgcmein anerkannten Auffassung, dass dasToxin 
protrahicrt aus dcm Magcn-Darm-Trakt resorbiert 
wcrdc. Dcmgcgcnuber unlcrstreichen liOA u. Mitarb. 
[34] und Ono u. Mitarb. [54] die Bedeutung einer 
moglichst fruhzeitigen Gabe, da das Toxin vor Er- 
reichen des Wirkungsortes und dcfinilivcr Bindung 
neutrahsicrt werden solltc. Die voile Auspragunc der 
Symptomalik wird. wic wir dies auch bei unseren Pa- 
ti'entcn verlblgen konntcn, nach einigcn Tagen errocht. 
Selbsl wenn im Ticrvcrsuch die Prasenz wirksamer 
Toxinbcstandteilc am langsten bis am 28. Krankheits- 
lac nachgewicscn werden konnte, war damii die Patho- 
gcnitat dcrselben fur die Kranken nichl zwangslaufig 
belcgt. Einensicheren therapeulischcn Efl'ckt durch das 
stets spat vcrabrcichte Antitoxin konntcn wir in kcinem 
Fall beobachtcn, cbenso auch kcin eindcutig abwei- 
chcndcs Vcrhalten der Unbehandelien. Nachdem wir 
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blicken konnen, ^'^j Viclmehr empfchlcn 

wir auf Grund d.c er „^dicnter Symptoma- 

behaftetc AntUox.nbehandlu^g 
IndicsemSinnemochtenwr^^^^^ 

gcgenubcr thlrapcuHschcn Vcr- 

zicrcnden und d^mii adaqua ^^.^^^ 

haltcns d und in leizter Zcit zur Be- 

Myasthenic venvcndct ^"^^^".5 j^oms empfohien 

handlung des ^^^^"-^^."'.''moiT^ 
wirdl23],mussasAdjuvansUCJ-^^ ^^3. 

Botulismus ^";;^''l:^\rZtrnyo,r.pK.c^ keinc 
LAND und Gammon J^^' .^^fl-ckiesangebenkonn- 
ganstige Bccinnussung^^esTo.^ erstmals 

ten. t'"^'^:'^^" ^c"^n,°^ am Thenar e.nes 

cincZunahmedcrSumm np ^ me- 

dianus. Dicscr EfTeki wurde e' ^^^^^ ^^.^ ^. 

eHor.nfreiset.ung^ugc.h .^^^^^^^^^ , 
Boiuhsmus [27 60] ais j^j^ abcr auch m 

,vurde die ^^^^^^^^^Z ^o^,, [58, 59] >viederum 
Fragc gcstclU. RiCKtR u j^^^. 
Konnten sowohl ti-cxp^-n-- ' ^^^^^ 
schen clcktromyograph,«l emen p ^^^^^^^ 
B-lnvoxikationdemonstner n^^^ S,. 
tc einc Abnahme der ^^^^^ll';"";^^ ^^^en zudem eine 

mulation. Die b^'d'^" ^^f^^^^^^^^ autonomcr Funk, 
klinische Besserung. crs.n al a 

tionen. beschr.cbcn^ G >n^;'S; ^, Germin 

allcin [1 2] Oder m "J^^^'^^^^^^^^^ crwics [H]. 

wogegcn sich E^Hoth.oph ^a's^vv.r ^ ^^^^^^^^ 

achtungcn von R'^KtR p.,„^,ionsst6rungcn ancc- 

Wirkungaufdie 3"'""°"^^" ^^^^ dcnen wir be- 
nommen -erdcn. D.e Neb J^cUe^ o^^^ 

sondcrs die akralcn P^'^''''^"'^" ,.,i,eres in Kauf gc- 
..„.den von den ohne .e..e ^^^^ ^ 

des Mcdikamcnts vc^^sund,g^_^^^^^^ 

v^o'n "5-35 .ng./kg/24 S,d. zu en^pfehlen. 



Oifrcrentialiliogfiosc 

Lenders unur 

ralle ist die f;,rbild breit und rcicht 

vcrwcchseibarcm ErsJKmunt^^ 

uber andere ^^'^^""f:" j'^.^ich ntcrnistischen Be- 
W-gen bis in den J^'^^iteratur gesamme.te 



^ . in Bciracht zu zictKndc AlTcktioncn 
DifTcrcniialdiagnosiischm^ 



Vcrgifiungcn 



Ncurologiscbc 
AfTcktioncn 



Sonsligc 



Airopin inkl. Bclla- 
dormapriparaic 
AmindgiyVosid- 

An^ibioiiWa 
Bariumkarbonat 

CO 

Diphcnylhydanioin 
Mcthylalkohol 
Mcihytchlorid 
Muschcln 
organischc Phos- 
phorx-erbindungcn 

Pil7.c 

Vipci^gi^'t 



zcrcbroN-askuiarcr 

InsuU 
Oiphihcric 
Ealon-Lan^b<rl- 

Syndrom 
BnzcphaHtis 
Cuillain-Barrc- 

Svndrom 
Himiumor 
Lues ccrcbrospinaUs 

multiple Sklcrosc 
Myasthenia gravis 
myairophisclic Latc- 

raUklcrosc 
Poliomyclius ^ 



akuics AbdonKTi 

Myokardinfarkt 

Salmonctioicn 



K.„I8 11 16 18. 31. 35. 44. 45. 51. 58, 70) zu- 
Angaben l». 1 '• 

sammengestelU. niacnose Botulismus liegl bei 

Die Schvv.engke.l ^" E^'J^no ^ i 

schNveren wic '<='^-^^*^"/f \" '":f in der auscesproche- 
verschiedenster ^-jande o-e n^- ^^^^^.^.^^ 

nen Seltenhe.t. J'' '"^.^V Einer unscrer P;.- 

nicht unn.i,«lbar -fko--^^^^^^^^ l.uchkoliken ein 

atropinahnliches Spa^tn^'y;'^;^^;^„^,^,„„g 

Mundtrockenhct ^'^nmiNNorU cn g j^d^uck- 
Mehrzahldcr BefallenensucMe.^^^^^^^^^ ^.^^^ 

Wcnden Sehslorung zuers den Aug ^. ^^.^^^ 

Uchc Pa.ienten ^^^'^'''iZZ ^rXop^c vorhandcn 

eber noch ^^^^ XJ^d^halb r^it 
sein konntc. W.r rcchnen o« Boiulismuslallc 

nicht vcrfiigcn konnten. 

D3nk ^«rpfl.chte^. P;^Blok. t- l. Kutak. 
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Type B Botulism 

Report on mild courses with predominantly autonomic nervous impairment 

G. Jenzer, M. Mumenthaler, H. P. Ludin and F. Robert 



Abstract. On the basis of 9 cases, a mild course of a type B botulinus intoxication 
with autonomous function disturbances yet no demonstrable neuromuscular involvement 
is presented. After describing methods for objective observation of the course of the 
illness, basic information is given on pathophysiological relationships, as well as remarks 
on treatment and differential diagnosis. Observations reveal an unexpectedly long 
persistence of tear duct and parotid gland functional disorders, usually no longer 
subjectively perceptible. 

Present experience counsels against an antitoxin treatment in the late phase of a mild 
botulism undergoing remission. On the other hand, the use of guanidine can be 
considered relatively [adjective omitted]. 

In correlation with literature data, the possibility of a special affinity of the B-toxm 
for the human autonomic irmervation is pointed out. 



Snomary. 9 eut% of human type B botulism with 
mild count and almost selective effect upon autonomic 
nervous nincdons are described. After cUnical remission 
a reduction of lacrimal and salivary secretions could be 
demonstrated for up to several months. Our experience 
argues against the use of antitoxin in the late course of 
fuch cases with minor symptomatology but in tovour 
of guanidine, which offered some subjective improve- 
ment. From comparable published cases it seems 
that autonomic nervous functions in the human are 
particularly tvaceptible to B type toxin. 



During the course of a small epidemic in Switzerland in the summer of 1973, due to 
French Brie, at least 48 persons were poisoned by botulinus toxin type B. Thorough 
investigations enabled an exact reconstruction of the epidemiological conditions [37]. 
Nine of these victims, 5 women and 4 men with an average age of 31 years, were 
investigated at our clinic, including a brief hospitalization in order to perform more far- 
reaching investigations. j u n u 

Description of the case. The case of a 42 year old businessman is typical and shall be 

presented in detail: 

D. G. on 25 July 1973 ate around 100 g of the incriminated cheese, whose taste was 
supposedly not affected. Twelve hours later on, there was a feeling of bloating and 
constipation. After 2-3 days, the patient was unusually listless, could not work efficiently, 
and was pensive. Meanwhile, a general weakness had developed, as well as an especially 
unpleasant pronounced dryness of the mouth with crusted tongue. Furthermore, 7 days 
after the first symptoms, close-range vision became blurred, intensifying over the course 
of 3 days, until only very distant contours appeared sharp. At that time, the patient felt 



especially tired and complained of headache and general dizziness, provoked by rapid 
change from a lying to an erect posture. He was quite able to climb stairs and lift loads, 
but with great effort. He never had to interrupt his work, and the patient was even able to 
go on a hike. There was never any dyspnoe, but there were several episodes of tickling in 
the throat. Difficulty during urination and impotence had also developed in the meantime. 

On 23 August, after being sick for 28 days, the first neurological investigation was 
performed, which turned out to be normal, except for fmding an accommodation 
paralysis with normal photoreaction, but tonic dilation of the pupils. The general 
examination revealed nothing ftirther, specifically, no ftirther indication of cystoparalysis. 
Animal testing with a mouse, carried out on the same day, clearly verified the presence of 
botulinus toxin in the patient's blood. The range of accommodation at 3.5 diopters was 
only moderately impaired. The Schirmer test at 0.5 cm on either side was pathological. 
Sialometry of the parotid gland revealed an extremely low quantity of secretion at 0.04 
ml/min, which stimulation with lemon juice was only able to increase slightly to 0.1 1 
ml/min. Blood and urine tests during a brief hospitalization were normal. The blood 
pressure was 1 1 0/60 mm Hg with a regular pulse of 80 bpm. 

We now applied 50 ml of polyvalent Botulism serum (Behringwerke) intragluteally. 
After this procedure, the patient will have noticed a slight general improvement. In the 
Schirmer test, there was an increase in tear duct secretion to 1.2 cm on either side. The 
sialometry now still revealed somewhat low baseline saliva. But an additional animal 
experiment now tumed out negative. 

37 days after the commencement of the illness and 2 days after the serum therapy, we 
additionally administered Guanidinum hydrochloricum (3x 500 mg/24 h) per os. The 
electromyogram revealed no significantly pathological values (see below) and thus could 
not serve as a criterion for a general therapeutic effect. On the following day, after taking 
a hot shower at home, the patient recovered normal vision abnost instantly. The 
guanidine treatment was continued and upon taking each tablet paresthesias were 
produced perioral and at the hands. After several days, the so far stubborn constipation 
that had been treated with enemas and ventral pressure changed into a transient diarrhea 
which was dependent on the guanidine dose. At this time, the medication (which the 
patient felt had brought about the change) was halted. The difficulty during urination and, 
somewhat later on, also the impotence had akeady normalized prior to the 
hospitalization. The dryness of the mouth with occasional dysphagia persisted for 
approximately 3 months, and even afterwards the patient complained of a peculiar 
feeling, as if his mouth were again dry, even though this was not so, judging from the 
quantity of saliva. 

Extensive neurological checkups after 5 Vi and 8 months revealed normal results, 
except for a remaining slightly pathological hypolacrimation in the Schirmer test. 
However, all symptoms had disappeared. 

The overall course of the disease is shown in figure 1. 
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Course, Findings, and Therapy 
for 9 Patients 



Latency The definitely determined interval between ingestion of the toxic cheese and 
the occurrence of the first symptoms in 5 patients was 37 hours on average, the mimmum 
being 4 and the maximum 108 hours. 

Initial symptoms: Both gastrointestinal symptoms as well as constipation, dryness ot 
the mouth, blurred vision or vertigo can occur as the first signs of the illness. The ocular 
symptoms usually occurred later than the gastrointestinal ones. The patients for the most 
part consulted a physician as a result of the rapid onset of very noticeable disturbed 



vision. 



Symptomatology (Figure 2): The clinical picture was distinctly charactenzed by the 
regular occurrence of blurred vision and dryness of the mouth with dysphagia. Two- 
thirds of the victims were constipated. Often, though not necessarily, nausea and 
vomiting, as well as diarrhea and colic-like abdominal pain were reported in the imtial 
stage There were striking changes in the psychodynamics with unpleasure, fatigue, 
disinterest and lack of drive, which we subsumed under the term apathy. Some patients 
also reported a kind of somatomotor weakness, but nothing that could be clearly termed 
muscular paresis. Like Monier [52], we interpret the disturbed swallowmg as a mere 
consequence of the disturbed secretion of saliva, rather than a manifestation of 
disturbance of the bulbar innervation. The patients were able to drink effortlessly and 
without regurgitation, or swallow moistened bits of food, but not completely dry food. 
Vertigo was a frequent symptom, usually corresponding to a generalized vertigo, but on 
two occasions there was a tendency to collapse, as is familiar during orthostatic 
hypotonia. In a single patient there was difficulty with urination and impotence. 
Likewise, there was a single report of an episodic, dry coughing, possibly m connection 
with a disturbed bronchosecretion. 

Neurological investigation: The only relevant findings in the neurostatus was a 
deviation of the near point from the reading distance as a result of accommodation 
paralysis, and on two occasions a delayed photoreaction of the pupils. The fact that there 
was no demonstrable paresis, either at the cranial nerves or at the trunk and limbs, 
deserves special attention. . 

General examination: Generally normal in blood and urine, as dunng routine 

examinations. . . • • ui ^ 

Animal experiment: (Mice protected with antitoxin, to whom toxm-containmg blood 
was administered, survived, whereas unprotected animals died firom botulism). Such an 
experiment was carried out for all patients and the outcome was positive on five 
occasions, the duration of the illness up to the time of the test having been 7 to 28 days. 
In the case of the 4 negative outcomes, the determinations were done between day 18 and 
28 of the illness. A negative result for this highly specific test in no way rales out the 
occurrence of botulism. On the one hand, the quantity of free toxin still present might be 
too low; on the other hand, the toxins might have already been fully eliminated. But 
given the certain commonality of the intoxication source and the correlations m the 
clinical pattern of these patients, there was no longer any doubt as to the diagnosis. 
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Accommodation range: The ophthalmological determinations revealed zero diopters 
in 2 patients during the initial stage, but never more than 3 diopters. Continued checkups 
enabled a monitoring of the course until normalization. 

Schirmer Test (Figure 3): (After inserting a strip of filter paper in the anesthetized 
conjunctival sac, the length moistened by lacrimal fluid within 5 minutes is measured. 
Normally, one expects a length of 1.5-3 cm, yet because of great individual fluctuations 
and differences in technique and material used one cannot say that the method is 
absolutely quantitative [22]. We used litmus paper.) The moistened length during the first 
investigations was on average 9 mm, the minimum being 3 mm and the maximum 16 
mm/5 min. This fact may explain why several patients complained of burning eyes, 
although the blurred vision could also produce such symptoms. The tests were easily 
repeated afterwards and revealed an increased secretion in the fiirther course, with one 
exception (S. B.). In 4 cases, we observed that the quantity of secretion remained low at 
9-1 1 mm/5 min, even though the accommodation range of the Schirmer test had already 
normalized. 

Sialometry: Ear, nose and throat specialists inserted a cannula into the Ductus 
parotideus and drained the parotid saliva to measure the quantity of secretion. The results 
obtained in this way from 4 patients were consistently less for the baseline saliva than the 
average baseline secretion of a healthy person (0.03 ml/min). Stimulation with lemon 
juice - a test considered specific for reduced secretion with disturbed innervation - was 
able to provoke a slight, but inadequate stimulus response in 3 cases [25, 55]. 

Electroencephalography: Brain currents were plotted in two cases and proved to be 
normal. 

Electromyography: (The left N. ulnaris was stimulated supramaximally with needle 
electrodes on the wrist. Prior to the test, the nerve was blocked with 2% scandicaine 
above the elbow; this prevented an unwanted voluntary activation of the investigated 
muscle and made the test less painful. Using surface electrodes, the cumulative potentials 
of M. adductor pollicis were tapped electromyographically. At the same time, the 
contractions of this muscle were registered under isometric conditions. The skin 
temperature above the investigated muscle was always kept constant at 36-37°C.) The 
following mvestigations were carried out in 4 patients: repetitive stimulation with 2/sec 
for 90 sec, with 10/sec for 4 sec and with 20/sec for 1 minute. After a tetanic stimulation 
with 50/sec for 1 sec, we looked for a posttetanic exhaustion or facilitation vdth single 
stimuli for 10 minutes. No findings significantly different from normal were found in any 
of the patients. Repeated tests in 3 of the patients before and after treatment (antitoxin 
and guanidine) revealed no significant change in the findings at any time. 

Therapy: Five patients, including 4 with positive animal experiment, received an 
infragluteal injection of 50 ml of a polyvalent (A, B, E) Botulinus antitoxin between day 
10 and 35 of the ilhiess. In one case, an animal experiment repeated after 7 days now 
showed a negative result, which suggested an elimination of previously still evident free 
toxin. As to whether the course was favorably influenced in other respects cannot be 
concluded from the given population (cf. Figure 4). Two patients, both with positive 
animal experiment, also received Guanidinum hydrochloricum (3x 500 mg/24 h) per os 
for 10 days, starting on day 32 and 35 of the ilhiess. Shortly after the beginning of 
treatment, both patients reported a decrease in the visual disturbance, and one patient also 
reported a significant influencing of the constipation with a change to diarrhea. In both 
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cases side effects reported were nausea, vertigo, and strong tingling sensations, once on 
the h^ds and once on the feet. Since the previously electromyographic investigation had 
revealed no relevant findings, an objective verification of the guanidine effect was not 

^°^^Course (Figure 4): Within a few days, the vomiting and acute gastrointestinal 
symptoms always receded, followed by a lessening of the sick feeling with general 
weakness and generalized vertigo. Defecation also gradually normalized. The last 
symptoms were dryness of the mouth on six occasions and blurred vision due to 
accommodation paralysis on three occasions. The symptoms lasted for at least 20 days, 
and in two patients longer than 70 days. Even after this time, one patient still complained 
of dryness of the mouth, and sialometry of the right parotid gland still revealed no 
measurable secretion of saliva. The Schirmer test in 4 patients who had become 
asymptomatic was strangely enough still pathological. It should also be mentioned that 
one patient complained of sensitivity and burning of the eyes when exposed to wind even 
many months thereafter, and her Schirmer test after 7 months indicated even less 
secretion than during the actual illness (cf. Figure 3). 
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Discussion 



Botulinus toxin 

The toxin is a protein produced by Clostridium botulinum, which in pure form is one 
of the strongest of poisons. Intoxication occurs by ingestion of spoiled, often preserved 
foodstuffs, such as meat, fish, vegetables, and others. A parenteral poisoning in so-called 
wound botulism is extremely rare [45]. The serologically different types A, B, C, D, E, F, 
of which only A, B and E - especially B in our country - are significant, also differ m 
terms of molecular weight and amino acid composition [41]. The intoxication symptoms 
are always the same [39], even though the sensitivity to certain toxin types is food- 
dependent (D-toxin more effectively paralyzes the rat bladder than does A-toxin [5]). In 
practice, different effects are manifested by the mortality of botulinus-intoxicated 
humans.' Although mortality has generally diminished [28], it is higher for A- 
intoxications than for B-intoxications [3, 18] and, even though the data are highly 
divergent and when the most extreme values are removed, it amounts to 10 to 65% [18, 
31,53,64, 67]. 



Pathophysiology 

Most of the intoxication symptoms are explained by a disturbance of the cholinergic 
transmission, especially at the neuromuscular junction, but also at the pregangliar and 
postgangliar parasympathetic and certain postgangliar sympathetic nerve endmgs, and 
possibly also at the adrenal medulla [26]. 

While the peripheral site of the effect had been known rather long [17, 21, 33], 
AmbacHE [2] was the first to demonstrate the selective action of the toxin on the 
cholinergic transmission. The theory of the quantum release of acetylcholine at the motor 
end plate [36] today serves as a prerequisite for understanding the botulmus effect on the 
neuromuscular transmission (Figure 5). The acetylcholine released into the synaptic clefl 
by nerve impulses and stimulating the muscle fibers by membrane depolanzation has its 
electron-optical counterpart probably in the presynaptically localized so-called vesicles. 
Most believe that the botulinus toxin hinders the release of these acetylcholme quanta, 
without disturbing their synthesis or buildup [6]. Ferritin-labeled toxin administered to 
rats was identified in the synaptic cleft [71]. There is probably a fixation of the toxm, 
which prevents a sufficiently large number of vesicles firom crossing to the postsynaptic 
region [24]. This is consistent with electromyographical findings, wherein repetitive 
stimuli at the motor nerve generate larger cumulative muscle potentials by a facilitation 
than do single stimuli [9, 43, 58]; it also explains the experimental observation of a 
decrease in frequency and amplitude of miniature end plate potentials in the botulmus- 
intoxicated animal [66]. , , , • 

A toxin-dependent disturbance of synthesis [5 1], as has been postulated also m 
combination with a slowdown of the axoplasm current [48, 49], is less convincmg from 
the standpoint of facilitation, and under a repetitive release of acetylcholine there should 
instead be a decrease in the depolarizing effect due to depletion of reserves in the 
presynaptic region. 
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Lieht microscope studies of neural and muscular elements of a person who died from 
botulism revealed no structural alterations [68]. However, electron microscope studies 
revealed that the toxin had caused a denervation with histochemically correlated 
regeneration processes [19, 20]. Recently, these observations have been amplified by 
studies on the muscles of a botulinus patient with demonstration of structural alterations 
in the region of the end plate [32], similar to the Eaton-Lambert Syndrome [52]^This 
myasthenic syndrome also reveals neurohumoral similanties to botulism [23 j. Ihus tar, 
these are the only two ailments known whose presumptive cause is a presynaptic 
disturbance of the release of acetylcholine with deficient number of quanta^ 

There has also been continuing discussion of a central point of attack of the toxin [56, 
691 Death by respiratory insufficiency has been attributed to both a purely muscular 
mechanism [47] and a direct action on the respiratory center [1]. As proof of a central 
point of attack, EEG alterations with periods of electrical quiet in intoxicated monkeys 
[56] as well as general alterations with intermittent flattening of the curve in botulmus 
patients [16] have been cited. On the other hand, there are also reports of normal bram 
currents [30 38], to which we can add our two observations. Although there are known 
cases with cerebral involvement in the form of disorientation [1 8, 38], these are the 
exception, and Graebner and Cleeland [30] were able to demonstrate 
psychometrically normal brain performance in severe cases with pronounced paresis. 

For now, the method of action of the toxin in the autonomic nervous system remains 

"^r^resented relationships are summarized in figure 6 in relation to the clinical 
pattern. 

Clinical pattern 

The diagnosis of botulism initially invokes the notion of a severe condition with fatal 
prognosis. Such a full clinical picture develops after a period of latency of many hours or 
many days and is often ushered in by nausea, vomiting and colic-like abdominal pam. At 
the same time or somewhat afterwards a general fatigue and weakness become evident. 
The paralysis which now sets in is often preceded by failure of somatomotor cranial 
nerves with ptosis, diplopia, dysphagia and dysphonia. The paralysis, at first of the arms 
or legs, gradually extends to the point of flaccid tetraplegia with respiratory insufficiency. 
As a result of the disturbance of autonomic innervation, there is an internal 
ophthalmoplegia with accommodation paralysis and mydriatic, areflecUve pupils and, 
through the same mechanism, a general hyposecretion, a paralytic ileus wUh bladder 
atonia, and a tachycardia. In severe cases, death occurs with respiratory failure, 
occasionally also acute heart failure. ^ aiaa in 

In numerous publications, however, mild courses have been reported [44, 46, 62]. In 
this way, our cases also differ clearly from the just-described, life-threatemng 
intoxication. Dryness of the mouth [29, 40] or symptoms of the eyes [40, 57] may occur 
as the mildest and isolated symptoms. Various degrees of seventy are reported m papers 
on verified B-intoxications [35, 38, 52, 58]. The case of a 40 year old patient of 
JOUGLARD et al. [35] with probable B-intoxication and almost exclusively autonomic 
disturbances is quite comparable to our patient. As with her, the first investigation 
occurred several weeks after the start ofthe illness. Although we considered a 

neuromuscular attack already in remission, we could find no valid proof of this m the 
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prior medical history. A ptosis or a paralytic strabismus - which in this regard is easily 
confused with "double vision" due to dioptric visual disturbances - would have made our 
thoroughly differentiated patient stand out. It must be noted from examples of severe A- 
intoxications that autonomic functions are not necessanly affected [7 9, 27 61 J. 
Consequently, we would like to point out, with our patient, the possibility of a special 
affmitv of the B-toxin for the autonomic innervation. 

Contrary to expectations for a mild intoxication, the symptoms persisted surpnsingly 
long The accommodation disturbance, which is the obvious symptoni of the ailment, was 
of^en outlasted by the less noticeable dryness of the mouth. With the Schinner test and 
the sialometry we were able to show, for the first time to our knowledge, that the 
botulinus intoxication can produce a disturbed secretion of the tear ducts and parotid 
aland that lasts for months beyond the other clinical picture. By analogy with ttie 
observations of Duchen [20] on the motor end plate, this might be the result of a toxin- 
related denervation, which has to be compensated by time-consuming regeneration 
processes. 



Therapy 



The suspected diagnosis of botulism is generally enough to institute an unmediate 
therapy with polyvalent antitoxin. The critical goal is to maintain respiration and 
circulation, if necessary with resuscitation. In the meantime, one waits for the result of 
the highly specific mouse experiment. 

Howeve' there is no agreement as to whether the not nsk-free ^^nun f rapy i^ 
justified. Various authors generally advise such a procedure [4, 35, 38, 52]. MiNERViN 
[50] even recommends an additional peroral administering of serum m the by no rneans 
generally acknowledged opinion that the toxin will be protractedly resorbed firom Ihe 
lastroinLtinal tract. Accordingly, Iida et al. [34] and Ono et al. underscore Ae 
importance of the earliest possible administering, since the toxm should be neutral^ed 
Zlrt reaching the site of its action and defmitive binding. The full manifestation of tiie 
symptomatology, as we were also able to track in our patients, is reached after several 
days Even though it was possible to verify the presence of active toxin components at 
most until day 28 of the illness in the animal experiment, this did not necessanly prove its 
pathogenicity to the patient. We were not able to observe in a single case a cert^ 
AeZutic effect from the antitoxin, always given late, nor any clearly different behavior 
of unseated patients. Now that we have had a chance to survey entux evolution of 
tZ illnesses, we no longer consider this procedure as indicated. Instead on the basis of 
iSs experienc;. we reconSnend against the risky antitoxin treatment in mild intoxications 
of already long duration with receding symptomatology, even when the animal 

exneriment is positive. ^ . 

In this regard, we would like to underscore the need for an adequate therapeutic 
procedure which is differentiated from the severe intoxication cases. Guamdxne which 
has previously been used for myasthenia and has recently .^^^^n Recommended for 
treatoent of Eaton-Lambert Syndrome [23], must be considered as an md [10] m the 
treatment of botulism. While Masland and GAMMON [43] were not able to show any 
fovS influencing of the toxin effect with electromyography, Cherington and Ryan 
[8] have described for the first time an increase in the cumulative potentials on the thenar 



8 



of an intoxication patient during supramaximal stimulation of the N. medianus. This 
effect has been attributed to an increased release of acetylcholine [63]. Yet the usefulness 
of guanidine has been questioned in both A-botulism [27, 60] and B-botuhsm [1 1]. 
RjCKER and DOELL [58, 59], in turn, were able to demonstrate a positive effect during B- 
intoxication, both through animal experiments and human electromyography: under 
guanidine there was a decrease in the facilitation during repetitive stimulation. 
Furthermore, the two authors [59] have described a clinical improvement, including 
autonomic functions for the first time. Moreover, Cherington and Greenberg achieved 
favorable results with germine alone [12] or in combination with guamdine [13,15], 
whereas echothiophate proved ineffective [14]. While guanidine is ascnbed a presynaptic 
site for its effect, that of germine is postsynaptic [13]. 

In our two cases, by analogy with the observations of RiCKER and Doell [59], a 
favorable action on the disturbances of autonomic function can be presumed. The side 
effects of which we should mention in particular the acral paresthesias, were easily 
tolerated by the patients and completely receded immediately after stopping the 
medication. On the whole, we feel it is possible to recommend the admimstermg of 
guanidine in the dosage scheme of 15-35 mg/kg/24 h, as indicated by Ryan and 
Cherington [61]. 

Differential diagnosis 

Especially when the mild courses of intoxication are included, the differential 
diagnosis of the symptoms with confusing pattern is broad and extends across other 
intoxications and neurological illnesses, reaching even into the exclusively internal 
medicine realm. Table 1 summarizes the information collected fi-om the literature [8, 11, 
16,18,31,35,44,45,51,58,70]. . 

The difficulty of the botulism diagnosis in both severe and mild cases lies m the 
partial imitation of the most diverse conditions, as well as the considerable ranty, which 
does not immediately suggest the proper association. One of our patients was given an 
atropine-containing spasmolytic by his physician, which was initially believed to be 
responsible (not unwarranted) for the vision disttirbance and the dryness of the mouth. 
Most of the patients first consulted an eye doctor because of the noticeable disturbed 
vision All of the patients belonged to an age cohort in which no sigmficant presbyopia 
should be present. We therefore expect a certain number of unrecogmzed or 
misdiagnosed bottilism cases in older persons where this major symptom cannot be 
present. 

We owe a special debt of thanks to the following colleagues for their collaboration: P. 
BLOK, E. Cabernard, H. p. Graf, H. Gysin, R. Haldimann, P. Huber, D. Jachertz, 
L. Kutak, J. MosiMANN, R. Nyffenegger, a. Petermann, J. Velvart. We thank Mr. 
P. Schneider for the drawings. 
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ILLUSTRATIONS 



Figure L Patient D. G. Synopsis of the course of a mild intoxication with botulinus toxin 
typeB. 
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Figure 2. Frequency of symptoms in 9 patients with botulinus intoxication type B. 
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Figure 3. Patient S. B. Decrease in tear secretion in the Schirmer test. - a) Right eye: 
days after start of illness. - b) Left eye: 7 months afterwards. 
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Figure 5. Probable mechanism of action of botulinus toxin on the motor end plate. A 
nonmal transmission, B = interference with toxin. 
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Table 1. 

Symptoms for differential diagnosis 



Intoxications 



Neurological 
ailments 



Other 



Atropine incl. belladonna 
Aminoglycoside antibiotics 
Barium carbonate 
CO 

Diphenylhydantoin 
Methyl alcohol 
Methyl chloride 
Mussels 

Organic phosphorus 
compoimds 
Mushrooms 

Viper venom 



stroke 
diphtheria 

Eaton-Lambert Syndrome 
Encephalitis 

Guillain-Barre Syndrome 
Brain tumor 
Lues cerebrospinalis 
Multiple sclerosis 
Myasthenia gravis 

myatrophic lateral sclerosis 
Poliomyelitis 



acute abdomen 
Myocardial infarct 
Salmonellosis 
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Expedited Publication 



Hemifacial Spasm Treated With 
Botulinum A Toxin Injection 

Peter J. Savino, MD; Robert C, Sergott, MD; Thomas M. Bosley. MD; Norman J. SchaU, MD 



• Fifteen patienU wtth hemifacial spatm wara traaled with 
botulinum A toxin Injections. AH patients experienced relief from 
apasm, with the effect lasting on average of 12.2 weeks. 
Complications were tearing In four patients. Inability to close the 
Involved eye In three patients, corneal exposure In one patient, 
and ectropion In one patient- All compIicaUons were transient 
and deemed minor by the patients, 

{Arch OpAifAa/mo/ 1985;103:1305-1306} 

Hemifacial spasm (HFS) is a periodic contraction 
of the musculature of one side of the face. It 
occurs in adults, mostly women, and may be accom- 
panied by mild ipsilateral facial weakness.^ The 
contractions often begin as a twitching of the eyelids 
and gradually worsen to include episodic orbicularis 
muscle spasm and contracture of the ipsilateral 
facial musculature. Herein, we report the first pro- 
spective study of the role of botulinum A toxin 
injections for the treatment of HFS symptoms. 

MATERIAL AND METHODS 

All patients with HFS underwent a complete clinical 
neuro-ophthalmic evaluation. Computed tomographic 
scans were performed in all cases, but no mass lesions were 
identified. 

Seventeen consecutive patients with HFS were injected 
with a diluted purified derivative of botulinum A toxin 
(Oculinum). This agent causes paralysis by producing a 
reversible neuromuscular blockade. One man died of a 
myocardial infarction two months after the injection, and 
another was unavailable for follow-up. Therefore, 12 
women and three men who were injected were monitoied. 
Some patients had multiple injections, so that there arc 20 
injections on which there are adequate follow-up data. 
Five injections were performed too recently to be included 
in our analysis. 

The average age of the 15 patients was 63 years (range, 
40 to 81 years). Four patients had right HFS, while in 11, 
the left side of the face was involved. The average duration 
of the HFS was 13.1 years (range. 0.5 to 35 years). 

Nine patients had undergone previous treatments. 

Accepted for publication July 9, 1985, 

From the Neuro-Ophthaimology Service, Wills Eye Hospital, 
Philadelphia. . 

Reprint requests to the N euro-Ophthalmology Service, Wills 
Eye Hospital, Ninth and Walnut streets, Philadelphia. PA 19107 



including therapy with carbamazepine, haloperidol, diaze- 
pam, phenytoin, clonazepam, and lorazepam; biofeedback; 
and psychiatric therapy, without benefit Hemifacial 
spasm recurred in two patients after they had undergone 
surgical microvascular decompression. 

All patients were told of the investigative nature of the 
treatment and gave informed consent. One of us (PJ.S.) 
injected 2.5 units (0.001 tig/Ql mL) (one unit is equal to the 
amount of toxin needed to kill 50% of a group of 18- to 20-g 
female Swiss- Webster mice [LD 50]) of botulinum A toxin 
into five periocular sites and two sites on the cheek 
(Figure). Patients were told that no attempt would be 
made to eliminate all of the spasm in the lower portion of 
the face, because this would result in a dense facia! palsy. 
The optimum result of the injection was no orbicularis 
muscle spasm, little or no midfacial twitching, and a sniall 
degree of spasm at the angle of the mouth. All patients 
were told that some degree of facial weakness was antici- 
pated. 

RESULTS 

All patients experienced relief from HFS following 
the injectiop(s) (Table). The mean time to improve- 
ment was 30.5 hours after injection (range, 12 to 48 
hours). The mean duration of the effect was 12.2 
weeks (range, four to 16 weeks). Only patient 4 had to 
undergo reinjection less than 12 weeks later because 
of a decrease in the effects of treatment. 

Complications included tearing in four patients, 
complaints that the involved lid did not close in three 

Sites of injoction of t>oiulinum A toxin (Oculinum) in treatment of 
hemifsciai spasm. 
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PatlenI/ 


Duration of 


Duration 




A9», yr/ 


Symptoms Prior 


Of Traatmant 






to Injection, yr 


Effacts, wk 


Complications 


1/50/F 


14 


12 


None 


2/76/F 


30 


14 


Eye not closing 


3/66/F 


14 


t2t 


Eye not closing 


4/75/M 


10 


14 


None 


5/56/M 


15 


12 


None 


6/e9/F 


8 


8t 


Tearing 


7/81/F 


0.5 


12t 


None 


e/69/F 


1.5 


12 


Tearing 


9/60/F 


17 


12 


Eye not closing 


10/67/M 


22 


8 


Tearing 


11/54/F 


20 


16 


None 




o.u 


1 0 


None 








None 






12 


None 


13/65/F 


7 


16 


Tearing; 








ectropion 


14/74/F 


35 


16 


Exposure 


15/40/F 


0.6 


4 


None 






12 


None 






12 


None 






16 


None 



*Note that patient 12'received three injections, and patient 15 
received four injections. 

ITime at last foilow-up visit, with continued relief of hemifacial 
spasm. 



patients, corneal exposure in one patient, and ectro- 
pion in onet)atient. Several complications were noted 
in some patients, so that most did not experience 
these side effects, all of which were temporary and 
disappeared within a maximum of two weeks. All 
patients had some facial weakness, but it was not 
severe or symptomatically troublesome in any 
patient Questioning revealed that no patient was 
inhibited functionally by this facial weakness or the 
other complications. All patients considered their 
HFS to be greatly improved. 

COMMENT 

Hemifacial spasm is a disorder characterized by 
frequent twitching of the orbicularis oculi muscle, 
which then progresses to the twitching and then 
prolonged contraction of one side of the face. It is 
now generally accepted that idiopathic HFS results 
from compression of the facial nerve where it exits 
the brain stem, usually by an arterial loop of the 
posterior inferior cerebellar artery.* Although mass 
lesions may produce HFS by compressing th€ facial 
nerve in the posterior fossa, most patients do not 
have identifiable masses. Recent evidence has sug- 
gested that ectopic excitation and ephaptic transmis- 
sion are important factors in the production of 
HFS.' 

The symptoms of HFS are bothersome to patients 
to the point that some are unable to sleep or interact 
socially for employment or leisure. Rarely, but as 
occurred in two of our cases, the patient has only one 
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functioning eye, which is visually useless during 
episodes of HFS. > 

A variety of treatment re^mens have been sug- 
gested for HFS. Carbamazepine has been reported to 
alleviate HFS in approximately 50% of patients/ 
Several surgical procedures have also been reported 
to relieve HFS, but posterior fossa microvascular 
decompression, as described by Jannetta and co- 
workers,* appears to be the most eflfective. Jannetta^ 
reported complete relief from HFS in 93% (213/229) 
of patients. Only five of the 229 patients had persis- 
tant HFS.* Complete relief was also reported in 97% 
(72/74) of patients operated on by Iwakuma and 
colleagues* when they employed this same surgical 
procedure. 

A complication of posterior fossa microvascular 
decompression included hearing loss in 12 of 74 
patients in one series* and in 18 of 229 patients in 
another.' Other complications encountered in this 
latter group of 229 patients included serous otitis 
media in eight patients, aseptic meningitis in 13 
patients, and cerebrospinal fluid rhinorrhea in eight 
patients. 

Botulinum A toxin, when injected into the orbicu- 
laris muscle, is effective in the treatment of essential 
blepharospasm or Meigs' syndrome/ We injected 
botulinum A toxin as shown in the Figure to deter- 
mine its efficacy in treating the symptoms of HFS. 
All patients experienced prompt relief from symp- 
toms. Moreover, no patient experienced systemic 
complications. There were eight instances of local 
side effects in 20 injections- (Table). Despite these 
minor complications and the temporary nature of 
the relief of symptoms, all patients were extremely 
satisfied with the results of treatment. No patient 
refused reinjection when the HFS returned. Reinjec- 
tion seemed to yield the same length of control as did 
initial injection. 

Botulinum A toxin injection is a valid alternative 
in the treatment of HFS for patients who are unable 
to tolerate daily medication or unwilling to undergo 
neurosurgery. 

References 

1. Haymaker W, Kuhlenbcck H: Disorders of the brainstem and 
its cranial nerves, in Baker AB, Baker LH (eds): Clbtical Neurol- 
ogy, New York, Harper & Row Publishers Inc. 1980. vol 3. chap 
30. 

Z. JannetU PJ, Abbasy M, Maroon JC. et al: Etiologj^ and 
definitive microsurgical treatment of hemifacial spasm. J Neuro- 
surg 1977;47:321-328. 

3. Nielsen VK: Pathophysiology of hemifacial spasm: I. Ephap- 
tic transmission and ectopic excitation. Neurology 1984;34:418- 
426. 

4. Alexander GE. Moses H III: Carbamazepine for hemifacial 
spasm. NeuToloav 1982;32:286-287. 

5. Jannetta PJ: Hemifacial spasm, in Samii M. Jannetta PJ 
(eds): The Cranial Nerves, New York, Springer Publishing Co Inc, 
1981, pp 484-493. 

6. Iwakuma T, Matsumoto A, Nakamura N: Hemifacial spasm: 
Comparison of three different operative procedures in 110 
p&ixer.ts, J Neurosurg 1982;57:753-756. 

7. Scott AB, Kennedy RA, Stubbs HA: Botulinum A toxin 
injection as a treatment for blepharospasm. Arch Ophthalmol 
1985;103:347-350. 



0206927877=KNAW 



Abstract 



Page 1 of 1 



Contact Us I Return to Display I Help I Logout 



93041200 

Effectiveness of botulinum toxin in the treatment of spasmodic torticollis 

Boghen D; Flanders M 

Eur Neurol 1993 June;33: 199-203 

Nineteen female and 15 males between the ages of 28-79 years with spasmodic torticollis were 
assessed quantitatively for posture deformity, tremor and range of neck movement, and qualitatively for 
pain and global subjective disability. All patients were then treated with botulinum toxin type A 
(supplied by Dr. Alan Scott) injections to appropriate neck muscles. Fifty-three treatments were 
administered using dosages of toxin in the range of 50-100 U per muscle. The maximum dose 
administered at a single setting was 280 U. The progress of the patients was assessed during an 18- 
month period. The authors report that 75% of patients showed documented improvement in both 
sujective and objective parameters and were considered treatment successes, and that pain improved in 
65%, posture in 65%, tremor in 50% and range in 46%. The side effects that occurred were transient 
and included fatigue, dysphagia, neck weakness, hoarseness and local pain. The authors conclude that 
this study demonstrates that treatment with botulinum toxin is of significant benefit for the majority of 
patients with spasmodic torticollis. 
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Deadly toxin calms excited muscles 
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BOTULINUM toxin is possibly the most 
poisonous substance known. But it has 
a kinder, gentler side: in tiny doses, it can 
relieve several serious disorders of movc- 
nrient. Last month, a panel of experts, con- 
vened by the National Institutes of Health 
(NIH) in Bethcsda, Maryland*, recom- 
mended that the toxin be used more widely 
for a class of disorders known as the 
dystonias. In these conditions, involuntary 
muscle contractions cause twisting; repet- 
itive, sometimes painful, movements; or 
abnormal postures. * 

Botulinum toxin, or "boiox*' as scientists 
know it, is usually associated with food 
poisoning, not medical treatment. But, 
ironically, the same qualities that make 
botox highly poisonous and sometimes fatal 
also make it an effective therapy. 

Ten years ago, an American ophthalmolo- 
gist in San Francisco hit on the idea that the 
muscle paralysis induced by the toxin might 
be put to clinical use in cases where patients 
suffered from excessive muscular activity. 
Alan Scott of the Sraith-Kcttlcwell Eye 
Research Institute in San Francisco thought 
of using the toxin for strabismus, or mis- 
alignment of the eyes. In this condition, a 
person's eyes do not look in the same 
direction, and they are cross-eyed. 

In the past decade, scientists have accu- 
mulated enough evidence to persuade the 
US Food and Drug Administration to ap- 
prove injection of botox for strabismus. 
bleohacQspasm (forcible closure of the eye- 
lids) and hemifadaLspasm (muscle contrac- 
tions on one side of the face). The NIH panel 
recommends that^thesc uses be expanded to 
include other dystonias, which involve the 
neck, jaw, linibs, aod^ocal cords, as well as 
stuttering and rare, but quite troublesome, 
spastic closure of the anal or xirinary sphinc- 
ter. At present, the toxin is available from 
two sources: Smith-KettlewcU and the 
Centre for Applied Microbiological Re- 
search, Porton Down. 

Botulinum toxin is a composite of two 
toxins — "binary** toxin and neurotoxin — to- 
gether with an auxiliary protein, which acts 
as a stabiliser. When botulinum neurotoxin 
is ingested in spoiled food, the neurotoxin 
travels to the junctions of skeletal muscles 
and nerves, where it eventually blocks the 
release of the neurotransmitter acetyl- 
choline, causing muscle weakness and, 
sometimes, paralysis. 

According to Lance Simpson at the Jeffer- 
son Medical College in Philadelphia, Penn- 
sylvania, no one knows exactly how the toxin 
reaches the acetylcholine receptor. How- 
ever, researchers know that the neurotoxin 
consists of two linked chains of polypeptides, 
and that one chain binds to the muscle cell's 
plasma membrane while the other blocks the 
acetylcholine receptor. 

If the chains are separated, says Simpson, 
toxicity is lost. This could be important for 
future manipulation of the toxin, says Simp- 
son. For example, it* may be possible to 
decouple the chains and attach a different 
kind of toxin or other drug to the binding 
chain, or change the binding site of the 
receptor-blocking chain. 

For the time being, however, clinicians 
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and researchers are happy with the neuro- 
toxin as it is. Virtually everyone who has 
used the toxin in clinical trials reported their 
results at the NIH meeting, and the consen- 
sus was that when properly administered, 
the toxin is safe, effective, and, in some 
cases, the treatment of choice over surgery 
and drug therapy — particularly for focal 
dystonias, which affect only one or a few 
muscles in the body. 

The response to localised injections of 
botox is far more reliable than that of other 
drugs such as anticholinergics and other 
neurotransmitter inhibitors. If a person is 
going to respond to botox, he usually does 
at the beginning of treatment, and continues 
to respond through repeated injections. 
Furthermore, botox is less drastic, less dis- 
figuring, and less expensive than surgery 
(hundreds of dollars per botox treatment). 

Of course, botox is not entirely problem- 
free. The panel stressed that the toxin is not 
a cure — nerves that the toxin blocks even- 



tually sprout new terminals — so the blocking 
must be maintained through repeated injec- 
tions. Although given in much smaller 
amounts than would be needed to produce 
botulism, it can still cause side effects, such 
as difficulty in swallowing, which result from 
excessive weakening of the target and 
surrounding muscles. However, the panel 
stated that such effects are relatively un- 
common, usually transient, and often avoid- 
able if clinicians are properly trained and 
muscle activity is accurately measured 
before treatment. 

Furthermore, there is so far no report of 
any patient or handler of the toxin develop- 
ing botulism or of the toxin adversely affect- 
ing patients with compromised immune 
systems. Indeed, the main problem with 
patients' response is that some form anti- 
bodies to the toxin. Scientists speculate that 
such a reaction could be the result of too 
much toxin in too short a period, or perhaps 
a genetic predisposition to immunity. □ 

*NIH Consensus Development Conference on Clini- 
cal Use of BoMinum Toxin. 12-14 November. 1990, 
Bethesda. Marytand. 
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WE OFTEN try to imagine another 
person^s state of mind, so that we can 
modify our behaviour in the light of it. For 
instance, we often consider what other peo- 
ple's moods arc likely to be, the desires they 
might have, and we guess the things that 
they might or might not know. But do other 
primates have this ability? 

Dorothy Cheney and Robert Seyfarth of 
the University of Pennsylvania attempted to 
test this in the laboratory, with two species 
of macaque {Animal Behaviour, vol 40, 
p 742). There is some evidence that chimp- 
anzees arc able to attribute "mental states" 



Macaque mothers: fail to warn offspring of danger 



to each other, but for all other primates, 
including the macaques, the evidence up 
until now is anecdotal. 

Cheney and Seyfarth placed females in 
cages from which they could see a test arena. 
They put down a plate of appetising food, or 
sent in a threatening human ''predator*', 
who subsequently hid behind a screen. 

In half of these trials, the researchers 
allowed a female's offspring to stay with her 
so that they could also see what was happen- 
ing in the arena. But in the rest of the tests, 
the offspring saw nothing of what went on. 
Cheney and Seyfarth then released the 

young of all these mothers into 

the arena. Half of the infants 
had prior knowledge of what 
they would find, and half of 
them had no idea.: 

If the females could attribute 
mental states to their young, 
reasoned the zoologists, then the 
mothers of the "ignorant" young 
ought to make more of a show of 
alerting their infants, for exam- 
ple, cither to the food, with soft, 
hooting "food calls'*, or to the 
hidden "predator". But Qiency 
and Seyfarth found no dif- 
ference in the behaviour of any 
of the mothers. 

Perhaps the mothers did , 
indeed, recognise a * difference 
between ignorant and knowl- 
edgeable young, but they just 
did not act on it. However, 
Cheney and Seyfarth believe it is 
more likely that 'macaques 
cannot put themselves in an- 
other's place, unlike humans. 
They seem unable to understand 
that individuals can differ from 
^ themselves, and from other 
monkeys, in the beliefs that they 
have. Georgia Mason 
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Botulinum Toxin Type B: Experimental 
and Clinical Experience 

Elizabeth Moyer and Paulette E. Seller 

Athena Neurosciences, Inc., South San Francisco, California 



INTRODUCTION 

Botulinum toxins BTXs (types A, B, CI, D, F, and G) are among the most potent 
toxins known. The toxins have been studied since the turn of the century, initially to gain 
an understanding of botulism, a form of food poisoning. Later, they were studied as 
something of a curiosity, because of the uniquely long-lasting and specific muscle 
paralysis induced by minute amounts of the toxins. Today, that ''curiosity" is beginning 
to be exploited in the treatment of movement disorders such as blepharospasm and 
torticollis. 

The type B toxin is possibly the first BTX ever discovered, having been identified as 
the causative agent in a 1895 outbreak of botulism (1). In this incident, which took place 
in Ellezelles, Belgium, three musicians died. The cause of death appeared to be a 
neuroparalytic toxin produced by an anaerobic, spore-forming bacterium. When these 
bacteria were cultured, the culture medium was found to cause botulism-like toxicity in a 
variety of experimental animals, by various routes of administration. It was later found 
that this toxicity was not prevented by protective antisera produced against toxin from 
bacteria isolated from a different incident of botulism, in Germany. Similarly, antisera 
protective against the Belgian toxin were not protective against the German toxin, 
although the bacteria that yielded the two toxins, and the toxicity they produced, were 
similar (2). Although both cultures were later lost, it is believed that the second type of 
Clostridium botulinum was a strain of what we today call type A (3). Thus began a long 
list of publications related to the bacteria and their toxins: there are far more publications 
related to BTXs in the following years than there have been documented cases of human 
botulism. 
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STRUCTURE OF BOTULINUM TOXIN TYPE B 
Toxin-Nontoxic Protein Complex 

As isolated from the bacterial culture medium, type B toxin (like type A toxin) is found 
combined with nontoxin proteins. In the case of type B toxin, stable complexes of two 
different sizes are formed. These complexes have sedimentation coefficients of 16 and 12 
S, and are called L (large) and M (medium), respectively. (The uncomplexed, pure toxin 
protein is sometimes called the S, or small, form.) The M complex contains nontoxin 
proteins that reportedly do not have hemagglutinin activity (4). The larger of the two types 
of complex (L form, about 45(>-5(X) kD) contains other protein(s), in addition to these 
nontoxin proteins, that do have hemagglutinin activity. These toxin-nontoxin protein 
complexes are not held together by covalent bonds and can reversibly dissociate, releasing 
the toxin protein, depending on the pH and ionic strength of the solution. Both pH greater 
than 8 and low ionic strength favor dissociation of the complex. There is some antigenic 
cross-reactivity and sequence homology between the hemagglutinins of the type A and B 
toxins (5). However, neutralization of type B hemagglutinin activity with a type A 
antitoxin prepared against a type A toxin-hemagglutinin complex does not neutralize the 
type B toxin (6). Formation of an association complex with the nontoxin proteins appears 
to stabilize the activity of BTXs, perhaps by helping to maintain a necessary secondary or 
tertiary structure (7). It is presumably for this reason that the only currently commercially 
available BTX for clinical use, type A, is formulated in the form of a toxin-hemaggluti- 
nin-containing nontoxin protein complex, rather than as a formulation of the pure toxin. 

Toxin 

The type B toxin is synthesized by the bacteria as a single protein chain that has low 
activity until proteolytically cleaved. This cleavage — "nicking" — occurs endogenously 
by the action of bacterially produced protease(s) (8,9). Strains that activate most of the 
produced toxin are termed * 'proteolytic," such as the strains ''Beans" and "Okra." Full 
activation of the toxin can also be achieved artificially by trypsinization: the bacterial 
nicking protease and trypsin cleave at or very near the same site. The amount of 
endogenous activation varies according to the C. botulinum type B strain and the 
fermentation conditions. Even under the best conditions, using the proteolytic strains, 
both nicked and unnicked toxin may be produced (10). 

The nicked toxin has a molecular weight of about 150,(X)0 kD and is composed of a 
heavy and light chain, held together by a disulfide bond and noncovalent bonding. 
Reduction of the disulfide bond causes a separation of the chains and loss of toxicity (11): 
neither chain by itself is toxic. The molecular weights of the two chains are about 100,000 
and 50,000 kD, respectively (12). The nicking site is one-third of the length of the single 
chain, and the light chain is formed from the amino-terminal portion. The amino-terminal 
sequences of the unnicked type B are identical to the amino-terminus of the light chain of 
the nicked toxin (13). Whether this proteolytic cleavage termed "nicking" is sufficient to 
activate the toxin remains controversial (14). 

Until very recently, only limited structural information about the type B toxin was 
available. Most of this information was derived by inference from antigenicity studies 
(although there was a limited amount of sequence data obtained from fragments of the 
toxin). The antigenicity data suggested significant differences between the various types 
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of BTX in terms of their amino acid sequences. The antigenic differences are so 
significant and reproducible, in fact, that the botulinum bacteria are primarily classified 
by the antigenic specificity of the toxins they produce, with additional subdivision by 
group and by strain. Assignment to group is based on slight differences in culture 
characteristics (proteolytic ability, heat resistance of spores, optimal temperature for 
growth). Various type B bacterial strains within these groups have been described, 
primarily on the basis of the first source of culture. Some amino acid sequence differences 
between type B toxin produced by different strains of type B C. botulinum (15,16) have 
been reported, and even, in some cases (depending on the strain), antigenic differences 
(17). However, neutralizing type B antitoxin raised against one strain of type B bacterial 
toxin is protective against type B toxin produced from a variety of strains of type B 
bacteria (18). 

The structure of the type B toxin is loosely related to that of tetanus toxin, also 
produced by bacteria of the genus Clostridium. The general size and subunit structure of 
the two classes of toxin are similar, and some aspects of mechanism of action also appear 
to be comparable. Antipeptide antibody binding studies indicate some limited sequence 
homology exists between various BTXs and tetanus toxin, particularly in specific regions 
of the purified (possibly partially unfolded) proteins (19). However, human and mouse 
polyclonal antibodies that neutralize tetanus toxicity do not cross-react with the BTXs. 
This implies that the homologous sequences in the primary structure of tetanus and 
botulinum toxins are generally short amino acid segments that are either not accessible or 
not immunogenic in the native conformation state of the molecules. The functional 
implications of the sequence homology are not yet understood but may be of great interest 
in understanding the mechanism of action of the various toxins. 

Recently, two groups (20,21) have reported sequence information about the type B 
toxin, from two different type B strains. Comparable information was already available 
for the other types of BTX and for tetanus toxin. A comparison of the type B sequence 
with the sequence of these other toxins indicates that the heavy chain of type B toxin 
produced by the Danish strain has a sequence homology of 48% to the heavy chain of type 
A toxin and 35% homology to the equivalent portion of the tetanus toxin sequence. A 
hydrophilicity plot comparison of various strains of BTX types and of tetanus toxin 
suggests that for all of them, there is a conserved hydrophobic region in the heavy chain. 
This region may be important for translocation of the toxin across the extracellular 
membrane (see below). In contrast, the portion of the toxins that has previously been 
hypothesized to be most important to receptor binding, the heavy chain carboxyl-terminal 
end, is one of the regions of most divergent sequence. The sequence difference in this 
portion of the toxins could explain the specificity of receptor binding reported for the 
various types of clostridial toxins. 

The light chain of the type B toxin produced by the Danish and Okra strains have 31- 
32% homology to the light chain of type A toxin as reported by these two groups (20,21). 
Surprisingly, the type B toxin was also found to have a 50-52% homology to the 
equivalent portion of the tetanus toxin sequence. The light chains of type A, CI, and D 
BTXs have a lower (roughly 30%) homology to the equivalent portion of the tetanus 
toxin. Analysis of the light chain sequences of the various types of BTX and of tetanus 
toxin also indicates a highly conserved region that contains a histidine-rich sequence. This 
sequence is typical of the active site of metalloproteinases, and it is tempting to assume 
that such activity could have some role in the intracellular action of the toxins. 
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PHARMACOLOGY AND TOXICOLOGY OF BOTULINUM TOXIN 
TYPE B 

Mode of Action 

Botulinum toxins, including type B toxin, probably act through a three-step process: 
extracellular binding onto the neuron, internalization, and intracellular poisoning (22). 
Binding appears to occur as a result of an interaction with specific acceptors on the surface 
of the presynaptic motor nerve terminal membrane (23). Using radiolabeled toxins and 
various in vitro/ex vivo models, distinct acceptor sites on the presynaptic termmai for 
some of the toxins have been found. Using rat cerebrocortical synaptosomes, sites specific 
for types A, B, E, and F have been reported: the sites are saturable, and toxins of one type 
bind weakly, if at all, to the acceptors of another type (24). In studies using mouse 
hemidiaphragms, type B toxin was not found to affect type A binding at all. (However, 
Black and Dolly reported that a large excess of type A toxin slightly reduced type B toxin 
binding to mouse hemidiaphragms in vitro [25]). Evaluating binding affinities with rat 
brain synaptosomes, Evans et al. found that there are two populations of acceptors for 
type B toxin: a smaller number of high-affinity sites (K,:» ^ 0.3-().5 nM; B^,,,, about SO- 
SO fmol/mg protein), and a larger number of low-affinity sites (K^ = 16-21 nM; B^.^, > 
> 3000 fmol/mg protein) (26). In mouse hemidiaphragms, the total density of acceptors 
for type B toxin (627 ±21% sites/ jjim") is approximately four times that of acceptors for 
type A toxin (152 ± 20% sites/ fxm") by electron microscope autoradiography (25). 

Binding of the various BTXs to neurons is mediated by the carbonyl end of their heavy 
chain (27). Both the single-chain unnicked toxin and the heavy chain of type B toxin bind 
to rat brain synaptosomes, and the heavy chain is a potent inhibitor of the binding of the 
single chain, whereas the light chain is much less effective (28). Preincubation with the 
heavy chain of type B toxin antagonizes the in vitro paralysis of mouse hemidiaphragm 
induced by the active type B dichain (29). 

Botulinum toxin binding to the presynaptic nerve membrane may involve both mem- 
brane determinants containing sialic acid (probably gangliosides) and one or more pro- 
teins (acceptor/receptor proteins) on the neuronal surface membrane (30). The acceptors 
for BTXs have not yet been isolated or characterized, and the evidence for this double 
receptor hypothesis is indirect, particularly for the role of gangliosides. Gangliosides, but 
not other membrane lipids, inactivate BTX in vitro and in vivo (31). Certain lectins with 
affinity for sialic acid-contaming sugars reduce the binding of BTXs to brain membranes 
and reduce the neuromuscular blocking activity of the toxins (32). The specific gan- 
gliosides involved may differ between the various types of BTX. Type A toxin binds 
avidly to GQi^ gangliosides, whereas type B toxin binds less efficiently to GQ^^ gan- 
glioside (33), and more efficiently to GD,^ and GTi^ gangliosides than type A toxin (34). 
The results of these studies are highly dependent on the pH and ionic strength of the 
medium, however. Less is known about the protein component of BTX binding to 
neurons. It is presumed that there is such a component, and that it has functional 
significance, by analogy to other, better-characterized receptors. Also, toxin binding to 
synaptosomal membranes is affected by pretreatment of the membranes with either 
neuraminidase (attacking the sialic acid residues of the gangliosides) or proteases (35). 
This combination of neuronal-specific phospholipid and receptor protein requirements 
may help explam the very specific neuronal affinity of the botulinum toxins. 

Binding of the toxin to its acceptor is neither sufficient nor, under experimental 
conditions, necessary to cause paralysis. Intracellular toxicity of the toxins can be 



xjH'nence v 

I served usii 

iiKCtion of 
finilarly, tht 

III I body is p 
A number 

lu toxin is i 

iiulics using 
Mu bound 

ii^ ioft)re pre 
li>rc direct 

i lowed that 
I ho interr 
i|iiire the p 
Miiplex is tc 
III then s( 
II :icellular 
As a I 

iiu ract mon 
111) It is hy 
1 ci ts into tl 

iH (Iccule int( 
M ulcl, it apf 
Inhibition 
1 M I he mi 

! t>ut it is 
V L ptor occi 

i iKilysis ind 

iikrly that th 
I wly rever: 
ii/vniatic nr 
I- L hanism ( 
ivtiis have ( 
' iliose of 1 
iiiiliiig and 
h. sc cases, 
prs CI an 
ti.iptosomc 
• iivtty was 
f iL- is son 
iliicncc in 
i> (.illoprote 
■ 'iMoicases r 
• |Ki inicnts 
' M shown a 
1 ^ ) These 
•pioicase a 

lirl.iliIlU ag 

catcuim 



Mover and Setler 
IM TOXIN 



three-step process: 
ar poisoning (22). 
3tors on the surface 
'labeled toxins and 
naptic terminal for 
3mes, sites specific 
1 toxins of one type 
idies using mouse 
I at all. (However, 
duced type B toxin 
; affinities with rat 
IS of acceptors for 
M; B^,, about 30- 
16-21 nM; B^,, > 
ensity of acceptors 
lat of acceptors for 
idiography (25). 
I end of their heavy 
if type B toxin bind 
' the binding of the 
ncubation with the 
ise hemidiaphragm 

involve both mem- 
I one or more pro- 
30). The acceptors 
nee for this double 
. Gangliosides, but 
[Certain lectins with 

0 brain membranes 
The specific gan- 
ype A toxin binds 
jntly to GQih gan- 

1 type A toxin (34). 
nic strength of the 
f BTX binding to 
t it has functional 
o, toxin binding to 
branes with either 

or proteases (35). 
otein requirements 
m toxins. 

inder experimental 
the toxins can be 



Experience with Botulinum Toxin Type B 



75 



observed using methods that bypass the binding step. Such methods include intracellular 
injection of the toxin into Aplysia ganglia (36), or using permeabilized cells (37). 
Similarly, there appears to be a time lag between in vitro binding of the toxin, when toxin 
antibody is protective, and subsequent paralysis (38). 

A number of studies, including the histological studies cited above, have shown that 
the toxin is internalized after binding to the cell surface. For example, in vitro kinetic 
studies using mouse hemidiaphragm and antibodies to BTX revealed that after a while, 
toxin bound to the cell surface became inaccessible to the antibodies. The toxin is 
therefore presumably internalized (thus inaccessible) before the onset of paralysis (39). 
More direct evidence was provided by electron microscopy autoradiography, which 
showed that the toxin appeared to be internalized, in vacuole-like structures (25). 

The internalization process is not completely understood, but, like binding, seems to 
require the presence of the heavy chain of the toxin. After binding, the toxin/receptor 
complex is taken into an endosome by an active, temperature-dependent process, and the 
toxin then somehow enters into the cytosol. The endosome has a lower pH than the 
extracellular milieu, and the lower pH appears to induce a conformational change in the 
toxin. As a result of the conformational change, hydrophobic domains are exposed that 
interact more extensively with lipids, as demonstrated using a liposome model system 
(40). It is hypothesized that the highly conserved hydrophobic region of the heavy chain 
inserts into the neuronal membrane and forms a channel, allowing some or all of the toxin 
molecule into the cell. At least in the case of the type B toxin, using a planar lipid bilayer 
model, it appears that at acidic pH, the heavy chain is capable of forming channels (41). 

Inhibition of neurotransmitter secretion is probably caused by a site on the light chain 
(42). The mechanism by which intracellular poisoning is achieved is unknown for BTX- 
B, but it is generally believed to involve enzymatic activity and not mass action or 
receptor occupancy effects. This hypothesis is attractive for two reasons. First, since the 
paralysis induced by minuscule amounts of the toxin lasts for weeks or months, it seems 
likely that the toxin must act on an intracellular component by some means that is only 
slowly reversed. Such changes would most likely be catalyzed by an enzyme. Second, an 
enzymatic mechanism seems likely by extrapolation from the more clearly understood 
mechanism of action of other bacterial toxins, such as ricin and diphtheria toxin. These 
toxins have dichain structures and apparent structure/function activities generally similar 
to those of BTXs. The heavy chains of ricin and diphtheria toxin are also involved in 
binding and internalization, and the light chain is the portion with intracellular activity. In 
these cases, the activity has been demonstrated to be enzymatic (43). Botulinum toxins 
types CI and D have been shown to ADP-ribosylate a membrane protein in mouse 
synaptosomes (44), but until recently there was no convincing evidence that enzymatic 
activity was associated with the other BTX serotypes, including type B. As noted above, 
there is some recently discovered homology between a segment of the amino acid 
sequence in the central core of the light chain of the various BTXs and zinc-dependent 
metalloproteinases. This sequence contains a histidine-rich motif that for the metal- 
loproteases represents a zinc-binding site and part of the active site of the protease. Initial 
experiments using type A toxin mutants in which the histidine site has been affected have 
not shown any effect of the mutations on the effectiveness of BTX in Aplysia neurons 
(45). These results therefore do not support the hypothesis that this putative metal- 
loprotease active site is important to BTX intracellular activity. At the same time, 
chelating agents such as 1 , 10-phenanthroline, which are capable of stripping zinc, iron, 
and calcium from proteins, are capable of inactivating BTXs including type B toxin (46). 
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All of the BTX serotypes prevent both spontaneous and evoked quantal release of 
acetylcholine from the presynaptic neuromuscular junction. However, the intracellular 
mechanism by which this effect is achieved appears to be different. A series of studies has 
been performed that emphasizes these differences, in synaptosomal preparations, in 
phrenic nerve-hemidiaphragms, and also in a double-poisoning experiment using types A 
and B toxins on a triangularis stemi nerve-muscle preparation (47). These studies all 
suggest differences between the toxins in terms of the response to pharmacologic manipu- 
lation of calcium ion movement, or to microtubule-dissociating drugs. 

The most frequently studied difference between the toxins is reversibility of acetyl- 
choline release inhibition by the aminopyridines. These agents increase impulse-evoked 
Ca"-^ influx by blocking presynaptic potassium channels. As a result, neurotransmitter 
release can take place. Aminopyridines reverse the poisoning induced by types A and E 
(48), but the effect is greatest with ty]3e A toxin. The poisoning induced by B, D, and F is 
not reversible by aminopyridines. An increase in extracellular calcium or use of a Ca^"^ 
ionophore, A23187 (49), or guanidine more effectively reverses the effects of type A 
than of type B, C, or E toxins (50). When synaptosomes were preincubated with 
microtubule-dissociating drugs, there was a reduction of type B (but not of type A) toxin 
inhibition of neurotransmitter release. This effect did not appear to be related to preven- 
tion of binding or internalization of the toxin (49), The most probable explanation for 
these differences is that the toxins act at different steps in the process that results in 
neurotransmitter release. 



Comparative Muscle Paralytic Efficacy 

Relatively few studies have been reported evaluating the in vivo muscle paralytic potency 
of BTX types other than type A. Usually, these studies have been performed using rats, a 
species apparently particularly resistant to type B toxin (see below), or rat tissues. In a 
study by Burgen et al. using a rat in vitro phrenic nerve-diaphragm preparation, when the 
toxin was added to the perfusate of the in vitro system, it took amounts of type B toxin 
"... about 500 times greater than the amount of type A toxin required to produce a 
similar rate of paralysis. When, however, the phrenic nerve-diaphragm preparation was 
obtained from young guinea-pigs (150-200 g.) typical neuromuscular block followed the 
addition of 2(X)0 units/ml. of either type A or type B toxin. There were no marked 
differences in the latent period or rate of paralysis between types A and B toxins on this 
preparation. The guinea pig is known to be susceptible to type B toxin. . (51). 

Another study, by Sellin et al. (52), found that it required 1200 mouse LDso of type B 
toxin to prevent measurable evoked potentials in a rat ex vivo nerve-muscle preparation. 
The difference between these two studies in terms of the effective dose for type B toxin- 
induced paralysis may be that Sellin et al. administered the toxin subcutaneously, above 
the tibialis anterior muscle in vivo, then later removed the extensor digitorum longus 
muscle to measure in vitro electrophysiological effects, while Burgen et al. added the 
toxin to the perfusate of their in vitro preparation. 

In rats, no toxin studied has been found to be as potent as type A. Type E (53) and F 
(54) toxins have also been studied with the same model, and it was found that the dose and 
duration of the paralysis induced in rats was less than with type A. Unfortunately, given 
the species-specificity of the various toxin types, rodent studies must be considered 
inconclusive with respect to predicting the relative chnical potency of the various types of 
BTX. 
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For this reason, we have undertaken to study the paralytic efficacy of BTX-B in normal 
nonhuman primates. In these studies, the toxin was injected into three muscles: the 
trapezius, the abductor pollicis brevis (APB) muscle of the thumb, and the extensor 
digitorum brevis (EDB) muscle of the foot. Doses injected into muscles ranged from 5 to 
80 U/muscle ( 1 U is the dose equivalent to a mouse intraperitoneal LD50 dose). Efficacy in 
these studies was measured electrophysiologically, by a decrease in the peak amplitude of 
the evoked compound muscle action potential. Botulinum toxin type B was found to 
paralyze injected muscles effectively. At 2 weeks after the initial mjection, there was a 
reduction of maximal muscle electromyographic (EMG) amplitude of 80% or more in the 
APB and EDB muscles injected at all of the doses tested, in all subjects. A similar 
reduction of maximal trapezius muscle EMG amplitude was observed after 2 weeks in 10 
of 1 1 animals injected with doses greater than or equal to 80 U/muscle. Muscles paralyzed 
by BTX-B recovered over time. All of the muscles injected with doses in the estimated 
therapeutic range had evoked compound muscle action potentials that could be measured 
by approximately 3 months after the last injection. This result is in contrast to results 
obtained in the same animals 2 weeks after the initial injection, when several muscles had 
no measurable evoked compound muscle action potentials. On the basis of visual esti- 
mates of the mass of the three muscles tested (the actual mass of the injected muscles was 
not determined), it appeared that for any given dose, the smaller the muscle mass 
(abductor pollicis brevis < extensor digitorum brevis < trapezius), the longer the duration 
of paralysis. Evoked compound muscle action potentials in the injected APB tended to be 
lower in each animal at each injected dose than in the trapezius, although the dose of 
BTX-B injected into the APB was one-fourth of the trapezius dose. Similarly, whereas at 
the end of the study the evoked compound muscle action potentials in the APB and 
trapezius muscles in the lowest-efficacy dose group were no longer statistically signifi- 
cantly different from baseline values, the evoked compound muscle action potentials of 
both muscles in the highest-efficacy dose group were significantly less than at baseline. 

Reinjection of recovering muscles with a second dose of BTX-B resulted in a decrease 
in the evoked compound muscle action potentials measured 2 weeks after administration 
of the second dose. The response of the muscle injected with the second dose of the drug 
did not indicate a cumulative effect of the doses: reinjected muscles were neither more 
completely paralyzed nor longer paralyzed than muscles injected with a single dose of the 
drug. 

For type A toxin, histochemical studies have been made, evaluating the changes that 
occur after injection of the toxin. Duchen (55) performed a series of such studies, 
injecting the type A toxin into the calf muscles of mice. Typically, the muscles atrophied, 
as expected from a functional denervation. Also observed was a sprouting of nerve fibers 
and a formation of new end plates, which occurred more rapidly in the soleus (a slow- 
twitch red muscle) than in the gastrocnemius (a fast-twitch white muscle). The sprouting 
was observed to take place preterminally as well as terminally, and collateral sprouting 
was also observed. Over time, as the muscle recovered function, the number of these 
collateral sprouts decreased. Similar sprouting after type A toxin injection has been 
reported in frogs (56), primates (57), and humans (58). 

The mechanism by which the type B toxin muscle paralysis is reversed over time is 
unknown, but it may be assumed to be similar to recovery after type A-induced paralysis. 
This conclusion is based on results of a study submitted for publication, cited in a recent 
review article (59). The review article reports that this study was performed in albino 
rabbits, evaluating histochemical changes (acetylcholinesterase stain, muscle fiber size. 
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and ATPase staining) after injection of either BTX-A or a "crude preparation" of type B 
toxin. The denervation indicated by histochemical staining and fiber size analysis 
appeared transient and lasted for about 3 months for both type A and B toxins." 

Comparative Toxicity Data 

Type B toxin is known to be toxic for humans, as noted in the introduction, when ingested 
in poorly processed foods. In the United States, most reported cases of botulism have been 
related to either type A or type B toxin: together they accounted for 91% of the cases of 
known toxin-type botulism reported to the Centers for Disease Control from 1970 to 1979 
Type A toxin is responsible for twice as many cases of food botulism as type B (60) Of 
the two types of human botulism, type A is considered to be the more severe (61 ) Human 
oral toxic doses are difficult to estimate from these oral food poisoning reports, however 
and the clinically toxic dose, even by the oral route, is unknown. 

Typically, it takes I to 2 days for the symptoms of botulism to develop The highest 
cranial nerves are affected first, causing medial rectus paresis, ptosis, and sluggish 
pupillary response to light. They are followed by the lower cranial nerves then the 
peripheral motor neurons, finally and often fatally including those that innervate the 
respiratory muscles. Effects on peripheral muscles are not observed in the absence of 
ophthalmic changes: in one study of an unusually large outbreak of type B botulism (53 
people were hospitalized), all of the patients who later experienced respiratory difficulty 
or peripheral muscle weakness first demonstrated cranial nerve impairment (62) In some 
cases, patients have signs of autonomic nervous system dysfunction: constipation disten- 
tion of the urinary bladder, and decreased salivation and tearing (63). Blood counts 
urinalysis, and clinical chemistry values are normal in botulism, unless there are second- 
ary complications (the most frequent of which is pneumonia associated with respiratorv 
muscle paralysis) (64). 

A definitive diagnosis of botulism can be made by electromyography (EMG) In 
muscles weakened by botulism, the amplitude of the compound muscle action potential is 
reduced in response to a supramaximal stimulation of the nerve (65). In partially para- 
lyzed muscles, the response to a double stimulus shows an incremental response (66) 
However, in severely paralyzed muscles, the neuromuscular blockade may be so complete 
that repetitive stimulation may not be effective (67). Other EMG measurements appear to 
remain normal in botulism patients: in a report of an extensive EMG study made in a 
single type B botulism patient, the latency of facial nerve and upper limb motor and 
sensory conduction velocities remained normal (68). 

Within- and between-species toxicity data from various sources for the type B toxin are 
difficult to compare, for several reasons: 

1 - Different end points (minimum lethal dose versus LD,,); reference species used (in 
some cases, the data are expressed as mouse lethal units, in other cases, as gumea nie 
lethal units). ^ ^ 

2. Different normalizing units: units per milligram total nitrogen, per absorbance at 
different wavelengths, per milligram protein measured using different assays (Inter- 
conversions between these units of measure are approximations at best ) 

3. Probable differences in the purity of the toxin and/or percentage nicked versus 
unnicked toxin in the test material. 

4. Differences in route of administration: intraperitoneal, subcutaneous, intravenous 
oral, even inhaled. 
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However, as reported even in the earliest studies by van Ermengem, there appears to be 
species-specificity in terms of the relative sensitivity to type B toxin, with guinea pigs 
more sensitive to tyf>e B toxin than rats or rabbits (69). 

Route of administration also appears to make a difference, at least in terms of the 
amount of the drug required for toxicity by various routes of administration. This should 
not be surprising, as pointed out in a paper by Lamanna (70): 

Poisoning of an animal by any mode of exposure to a toxin, including inhalation, will 
depend on the outcome of a sequence of four events: first, the capacity of the toxin to 
escape destruction inherent in the techniques of application; second, the capacity of the 
toxin to get to and to remain at the site of deposition where effective systemic 
absorption can take place; third, the capacity of the toxin after absorption to be 
transported to the primary site of poisoning; and fourth, the capacity of the toxin to 
resist specific or nonspecific forces of detoxification on route to the sites of action. 

In this paper, for type B toxin, the rapidity of death (presumably inversely proportional to 
the amount of toxin required for overt toxicity) in rabbits appeared to differ significantly 
depending on the route of administration. The data, taken from an older article (71), are in 
Table 1 . Note that time to death after injection of the toxin by the intraperitoneal route is 
significantly longer than after intramuscular injection. Intraperitoneal injection is the route 
typically used with mice to standardize the relative potency of various preparations of 
BTXs. Despite differences in the route of administration, the symptoms of poisoning were 
not apparently different. This is also consistent with toxicity data available for other 
BTXs. 

A great difference in the relative toxicity of type A and type B toxins was also seen in 
the rat, in the study by Burgen et al. described above, where the LD50 (intraperitoneal 
injection) in 2(X) g rats of the two toxins were found to be approximately as follows; rat 
LD50, type A toxin = 25 mouse LD50; rat LD50, type B toxin = 10,(X)0 mouse LD50. 
Sellin et al. , in the comparable study, found that doses of type B toxin of 5000 mouse LD50 



Table 1 Order of Rapidity of Death of Rabbits by Various 
Routes of Injections of Botulinum Toxin Type B 

Time of death 



Route 


days 


hr 


min 


Intravenous 




2 


25 


Intra-arterial 






45 


Intramuscular 




4 


30 


Intracerebral 




4 


35 


Intrapulmonary 




5 


0 


Occipital 




6 


10 


Subcutaneous 




7 


45 


Eye anterior chamber 




8 


15 


Intraperitoneal 






5 


Intrasciatic 




10 


53 


Intragastric 




33 


45 


Intrarectal 


4 




0 



Source: From Legroux, Levarditi and Jeramec, 1945, as cited in Ref. 70. 
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caused debilitation or death (in contrast, only 20 mouse LDs^ units of type A toxin caused 
similar toxicity). In the Lamanna paper, data were also given comparing the sensitivities 
of guinea pigs to different types BTX administered by various routes, as listed in Table 2. 
The doses in this table are expressed in mouse intraperitoneal units, in which one unit is 
the mouse LD50 dose by that route of administration. Whereas for BTX-A and BTX-B 
toxicity by the various routes is of the same order of magnitude, the type E toxin appeared 
to be much less toxic. Although no information about the bacterial source strains, level of 
purification, or pretreatment was provided, the difference is presumably due — at least in 
part — to the amount of nicking in the tested toxins. Type A toxin is always nicked by the 
organisms, type B may be (depending on whether the source strain was proteolytic or 
not), and type E toxin is not nicked endogenously. 

In another report, using type B toxin crudely purified from a nonproteolytic strain (the 
toxin was therefore presumably mostly in an unnicked form), another comparison of route 
of administration versus test species was made (72). The results are summarized in Table 
3. The data from this study suggest that the relative oral potency of this toxin preparation 
may have been much greater than for the toxin preparation cited by Lamanna. This may 
reflect the amount of nicking of the toxin (by the oral route, the toxin may have become 
activated in the gastrointestinal tract, while less activation occurred after parenteral 
administration). 

No primate toxicity data for type B toxin were found in the literature, other than a 
single-animal, single-dose report. In this study, it was reported that for rhesus monkeys, 
oral administration of 100 guinea pig minimum lethal dose (least amount that will kill a 
350 g guinea pig in 96 hours after subcutaneous injection) was lethal within 24 hours. 

As part of our studies evaluating the effects of BTX-B in normal nonhuman primates, 
we also evaluated the potential toxicity of doses 10 to 20 times those that effectively 
paralyzed muscles. In these studies, the toxin was injected intramuscularly, in doses 
divided over five different muscles: the trapezius, abductor pollicis brevis, extensor 
digitorum brevis, gluteus maximus, and biceps femoris. Doses in this phase of the study 
ranged from total body doses of 120 to 480 U/kg total body weight. Toxicity was evalu- 
ated by clinical observations, clinical chemistries, ophthalmoscopic evaluations, electro- 
cardiograms, and electrophysiological measurements: changes in peak evoked compound 
muscle action potential of muscles not injected with the drug (expected to be reduced if 
system weakening was caused by the drug), nerve conduction velocities of peripheral 
motor and sensory nerves (expected to change as a result of distal myelinopathies and 
axonopathies), and somatosensory evoked potentials to evaluate potential dysfunction 



Table 2 Toxicity of Botulinum Toxins for the Guinea 
Pig by Various Routes 



Type 




Mouse intraperitoneal (ip) units 




oral 


respiratory 


A 


5.2 


840 


141 


B 


4.8 


413 


350 


E 


78.0 


456,000 


778 



Source: From M.A. Cardella and J.V. Jemski, personal communi- 
cation, as cited in Ref. 70. 
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Table 3 Relative Susceptibility of Mice, Guinea Pigs, 
and Rabbits to Type B Toxin Administered Subcuta- 
neously, or Orally, as Multiples of Number of Guinea 
Pig Minimum Lethal Subcutaneous Doses 



Species 


Route of administration 


Subcutaneous Oral 


Mice 


0.2 2 


Guinea pigs 


1 2 


Rabbits 


20 100 



Source: Based on data from Ref. 72. 



in the central nervous system. No signs of toxicity were observed, even after injection of a 
total of 480 U/kg, either when administered in a single dosing or when administered as 
two separate doses of 240 U/kg given 1 1 weeks apart. Specifically, there were no signs of 
autonomic nervous system deficits, ophthalmic changes, difficulty in swallowing, or 
inability to maintain normal posture, even at the highest dose tested. Electrocardiographic 
changes initially observed in a preliminary segment of the study were found to be the 
result of the ketamine and pentobarbital anesthesia regimen, rather than related to the 
toxin itself. The EMG studies also did not indicate any central or peripheral neuropathy or 
systemic muscle weakness, even at the highest doses tested. In one of the test groups, a 
dose of 240 U/kg was reinjected into the same animals less than 3 months after an initial 
dose of 240 U/kg. Again, in these animals, no signs of toxicity were observed, according 
to the measures listed above. 



CLINICAL USES OF BOTULINUM TOXIN TYPE B 

The relative clinical value of BTX-A and BTX-B in the treatment of cervical dystonia, or 
other movement disorders, is currently unknown. The structural and pharmacologic 
differences between the types of toxin, summarized above, suggest that they might not be 
therapeutically equivalent. Such differences, if real, are likely to be demonstrated only 
after injection into dystonic muscles. However, even assuming no specific therapeutic 
benefit of one toxin type over the other, type B toxin could still be useful for this 
indication. Because the two toxins are antigenically different (antibodies to type A do not 
block the effects of type B toxin, and vice versa, in animals or in vitro models), the two 
toxins could be used together, or in rotation, thus reducing antigenic presentation of either 
toxin. This, in turn, could delay, reduce, or prevent the development of resistance to toxin 
therapy. In those patients who have already developed resistance to botulinum toxin type 
A, the type B toxin could provide the best treatment available. 

While our studies in nonhuman primates suggest that BTX-B may be effective and 
have an excellent therapeutic index, the actual effectiveness of this drug can be judged 
only after use in dystonia patients. The extrapolation of these results from normal 
nonhuman primates to dystonic humans assumes no major difference in terms of sensi- 
tivity to this specific serotype of the toxin, and no unique difference in muscle responsive- 
ness associated with dystonia as opposed to normal muscles. 
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SUMMARY 

The type B botulinum toxin has many biochemical and biological similarities to other 
serotypes of BTX. At the same time, there are some indications that the type B toxin may 
have some unique properties that could have beneficial clinical implications. Most 
obvious of these is that its amino acid sequence is sufficiently different from those of other 
serotypes that type A-resistant patients may respond to type B. The mechanistic differ- 
ences in the mode of action of the various types of BTX have not yet been intensively 
studied under conditions that will allow prediction of clinical benefit (if any) to dystonia 
patients. Most of these studies to date have been performed in normal rodents or using in 
vitro/ex vivo models, which, because of interspecies differences in sensitivity to various 
types of the toxin, may not be directly applicable. Preliminary data from our laboratory, 
however, suggests that type B toxin effectively paralyzes nonhuman primate muscle after 
intramuscular injection and is possibly less likely to cause systemic toxicity than type A 
toxin. 



REFERENCES 

I. Van Ermengem E. A new anaerobic bacillus and its relation to botulism. Rev Infect Dis 
1979;1:701-719. (An abridged translation of the original publication, Ueber einen neuen 
anaeroben Bacillus and seine Beziehungen zum Botulismus. Z Hyg Infecktionskr 1897;26:l- 
56. 

2 Sakaguchi G. Clostridium botulinum toxins. Pharmacol Ther 1983;19:165-194. 

3 Dolman CE, Murakami L. Clostridium botulinum Type F with recent observations on other 
types. J Infect Dis 1961;109:107-128. 

4. Kozki S, Sakaguchi S, Sakaguchi G. Purification and some properties of progenitor toxins of 
Clostridium botulinum Type B. Infect Immun 1974;10:750-765. 

5 Somers E, DasGupta BR. Clostridium botulinum Types A, B, CI and E produce proteins with 
or without hemagglutinating activity: do they share common amino acid sequences and genes? 
J Protein Chem 1 991; 10:4 1 5^25. 

6 Lamanna C, Lowenthal JP. The lack of identity between hemagglutinin and the toxin of Type 
A botulinum organism. J Bacteriol 1951;61:751-752. 

7 Sugii S, Ohishi I, Sakaguchi G. Correlation between oral toxicity and in vitro stability of 
Clostridium botulinum type A and B toxins of different molecular sizes. Infect Immun 
1977;16:910-914. 

8 DasGupta BR. Activation of Clostridium botulinum Type B toxin by an endogenous enzyme 
J Bacteriol 1971;108:1051-1057. 

9 Tjaberg TB. Proteases of Clostridium botulinum. III. Isolation and characterization of pro- 
teases from Clostridium botulinum Types A, B, C, D, and F. Acta Vet Scand 1973; 14: 
538-559. 

10 DasGupta BR, Sugiyama H. Molecular form of neurotoxms in proteolytic Clostridium 
botulinum Type B cultures. Infect Immun 1976;14:680-686 

11 Sugiyama H, DasGupta BR, Yang KH. Disulfide-toxicity relationship of botulinal toxin 
Types A, E, and F. Proc Soc Biol Med 1973;143:589-591. 

12 DasGupta BR, Sugiyama H. Comparative sizes of Type A and B botulinum neurotoxins 
Toxicon 1977:15 357-363. 

13 Schmidt JJ. Sathyamoorthy V, DasGupta B. Partial ammo acid sequences of botulinum 
neurotoxins B and E. Arch Biochem Biophys 1985:238:544^548. 

14 DasGupta BR. The structure of botulinum neurotoxin. In: Simpson LL, ed. Botulinum 
neurotoxin and tetanus toxin. San Diego: Academic Press, 1989:53-^7. 



15. DasGupta BI 
similarity wil 

16. BinzT, Kura 
Botulinum ne 
1990;265:91f 

17. Hatheway C 
Clostridium , 
607^11- 

18. Sakaguchi G 

19. Halpem JL, ; 
tetanus and 1 
18-22. 

20. Whelan SM. 
cloning of tl 
determinatio 

2 1 . Kurazono H , 
Haberman H 
toxin and be 

22. Simpson LL 
cholinergic i 

23. Dolly JO, B 
motor nerve 

24. Wadsworth 
CC. Botulin 
to rat cerebi 

25. Black JD,D 
Ultrastructui 
for types A 

26. Evans DM, 
neurotoxin t 
mal membr; 

27. Poulain B, 
release is bl 
toxin polyp 
1988;85:40* 

28. Kozaki S. I 
somes of r< 

29. BandyopadI 
chains of b 
2663. 

30. Montecuccc 
Biochem S' 

31. Simpson L 
lipids, sten 

32. Bakry N, 1 
universal a 
1991;258:8 

33. Schengrum 
ganglioside 

34. Kozaki S, 
Clostridiun 
and free h 



I 

i 



T and Seller 



Experience with Botulinum Toxin Type B 



83 



ities to other 
! B toxin may 
ations. Most 
those of other 
anistic differ- 
;n intensively 
y) to dystonia 
Its or using in 
ity to various 
ur laboratory, 
t muscle after 
y than type A 



15 
16. 



Rev Infect Dis 
>er einen neuen 
iskr 1897;26:1- 

194. 

/ations on other 

»enitor toxins of 

ce proteins with 
nces and genes? 

le toxin of Type 

/itro stability of 
. Infect Immun 

genous enzyme. 

irization of pro- 
Scand 1973:14: 

/tic Clostridium 

botulinal toxin 

um neurotoxins. 

es of botulinum 

, ed. Botulinum 



20. 

21. 

22. 
23. 
24. 



27. 

28. 
29. 

30. 
31. 

32. 

33. 
34. 



DasGupta BR, Datta A. Botulinum neurotoxin type B (strain 657): partial sequence and 
similarity with tetanus toxin. Biochemie 1988;70:811-817. 

Binz T, Kurazono H, Wille M, Frevert J, Wemars K, Niemann H The complete sequence of 
Botulinum neurotoxin Type A and comparison with other clostridial neurotoxins J Biol Chem 
1990;265;9153~9158. 

Hatheway CL, McCroskey LM, Lombard GL, Dowel! VR. Atypical toxin variant of 
Clostridium botulinum type B associated with infant botulism J Clin Microbiol 1981 14 
607-611. 

Sakaguchi G. Clostridium botulinum toxins. Pharmacol Ther 1983;19:165-194. 
Halpem JL, Smith LA, Seamon KB, Groover KA, Habig WH. Sequence homology between 
tetanus and botulinum toxins detected by an antipeptide antibody. Infect Immun 1989-57- 
18-22. 

Whelan SM, Elmore MJ, Bodsworth NJ, Brehm JK, Atkinson T, Minton N. Molecular 
clonmg of the Clostridium botulinum structural gene encoding the Type B neurotoxin and 
determination of its entire nucleotide sequence. Appl Environ Microbiol 1992;58:2345-2354. 
Kurazono H, Mochida S, Bintz T, Eisel U, Quantz M, Grebenstein O, Wemars K, Poulain B, 
Haberman H. Minimal essential domains specifying toxicity of the light chains of tetanus 
toxin and botulinum neurotoxin Type A. J Biol Chem 1992;267 14721-14729. 
Simpson LL. Kinetic studies on the interaction between botulinum toxin type A and the 
cholinergic neuromuscular junction. J Pharmacol Exp Ther 1980;224. 1 35-140. 
Dolly JO, Black JD, Williams RS, Melling J. Acceptors for botulmum neurotoxin reside on 
motor nerve terminals and mediate its internalization. Nature 1984;307:457^60 
Wadsworth DF, Desai M, Tranter HS, King HJ, Hambleton P, Melling J, Dolly JO, Shone 
CC. Botulinum type F neurotoxin. Large-scale purification and characterization of its binding 
to rat cerebrocortical synaptosomes. Biochem J 1990;268:123 128. 

Black JD, Dolly JO. Interaction of '"'^Mabeled botulinum neurotoxins with nerve terminals. L 
Ultrastructural audioradiographic localization and quantitation of distinct membrane acceptors 
for types A and B on motor nerves. J Cell Biol 1986;103:521-534. 

Evans DM, Williams RS, Shone CC, Hambleton P, Melling J, Dolly JO. Botulinum 
neurotoxin type B. Its purification, radioiodination and interaction with rat-brain synaptoso- 
mal membranes. Eur J Biochem 1986;154:409-416. 

Poulain B, Tauc L, Maisey EA, Wadsworth JDF, Mohan PM, Dolly JO. Neurotransmitter 
release is blocked intracellularly by botulinum neurotoxin, and this requires uptake of both 
toxin polypeptides by a process mediated by the larger chain. Proc Natl Acad Sci USA 
1988:85:4090-4094. 

Kozaki S. Interaction of botulinum toxin Type A, B, and E derivative toxins with synapto- 
somes of rat brain. Naunyn-Schmiedebergs Arch Pharmacol 1979;308:67-70. 
Bandyopadhyay S, Clark AW, DasGupta BR, Sathyamoorthy V. Role of the heavy and light 
chains of botulinum neurotoxin in neuromuscular paralysis. J Biol Chem 1 987 ■ 262 2660- 
2663, 

Montecucco C. How do tetanus and botulinum toxins bind to neuronal membranes^^ Trends 
Biochem Sci 1986,11:314-317. 

Simpson LL, Rapport MM. The binding of botulinum toxin to membrane lipids: sphingo- 
lipids, steroids and fatty acids. J Neurochem 1971;18:1751-1759 

Bakry N, Kamata Y, Simpson LL. Lectins from Triticum vulgaris and Limca flavus are 
universal antagonists of botulinum neurotoxin and tetanus toxin J f*harmacol Exp Ther 
1991;258:830-836. 

Schengrund C-L, DasGupta BR, Ringler NJ. Binding of botulinum and tetanus neurotoxins to 
ganghoside GT lb and derivatives thereof. J Neurochem 1991 ;57. 1024-1032, 
Kozaki S, Ogasawara J, Shimote Y, Kamata Y, Sakaguchi G Antigenic structure of 
Clostridium botulinum Type B neurotoxin and its interaction with gangiiosides, cerebroside 
and free fatty acids. Infect Immun 1987;55:3051 3056. 



I 



Mover and Seller 

35. Shone CC, Hambleton P. Toxigenic Clostridia. In: Minton NP, Clarke DJ, Eds. Clostridia. 
New York: Plenum Press, 1989:265-292. 

36. Maisey EA, Wadsworth JDF, Poulain B, Shone CC, Melling J, Gibbs P, Tauc L, Dolly JO. 
Involvement of the constituent chains of botulinum neurotoxins A and B in the blockade of 
neurotransmitter release. Eur J Biochem 1988;177:683-691. 

37. Stecher B, Weller U, Habermann E, Gratzl M, Ahnert-Hilger G The light chain but not the 
heavy chain of botulinum A toxin inhibits exocytosis from permeabilized adrenal chromaffin 
cells. FEBS Lett 1989;255:391-394. 

38. Simpson LL. The interaction between divalent cations and botulinum toxin Type A in the 
paralysis of the rat phrenic nerve-hemidiaphragm preparations. Neuropharmacology 
1973;12:165-176. 

39. Simpson LL. Kinetic studies on the interaction of botulinum toxin type A and the cholinergic 
neuromuscular junction. J Pharmacol Exp Ther 1980;212:16-2]. 

40. Montecucco C, Shiavo G, DasGupta, B. Effect of pH on the interaction of botulinum 
neurotoxins A, B, and E with liposomes. Biochem J 1989;259 47-53. 

41. Hoch DH, Romero-Mira M, Ehrlich BE, Finkelstein A, DasGupta BR, Simpson LL. Chan- 
nels formed by botulinum, tetanus, and diptheria toxins in planar lipid bilayers: relevance to 
translocation of proteins across membranes. Proc Natl Acad Sci USA 1985;82:1692-1696. 

42. Bittner MA, DasGupta BR, Holtz RW. Isolated light chains of botulinum neurotoxins inhibit 
exocytosis. Studies in digitonin-permeabilized chromaffin cells. J Biol Chem 1989;264: 
10354-10360. 

43. Simpson LL. Targeting drugs and toxins to the brain; magic bullets. Int Rev Neurobiol 
I988;30:I23~147. 

44. Ashton AC, Edwards K, Dolly JO. Lack of detectable ADP-ribosylation in synaptosomes 
associated with inhibition of transmitter release by botulinum neurotoxins A and B. Biochem 
Soc Trans 1988;16:883-884. 

45. Niemann H, Bintz T, Grebenstein O, Kurazono H, Thierer J, Mochida S, Poulain B, Lauc L. 
Clostridial neurotoxins: from toxins to therapeutic tools? Behnng Inst Mitt 1991;89:153-162. 

46. Bhattacharyya SD, Sugiyama H. Inactivation of botulinum and tetanus toxins by chelators. 
Infect Immun 1989;57:3053-3057. 

47. Gansel M, Penner R, Dreyer F. Distinct sites of action of clostridial neurotoxins revealed by 
double-poisoning of mouse motor nerve terminals. Pflugers Arch 1987;409:533-539. 

48. Molgo J, DasGupta BR, Thesleff S. Characterization of the actions of botulinum neurotoxin 
type E at the rat neuromuscular junction. Acta Physiol Scand 1989; 1 37:497-501 . 

49. Ashton AC, Dolly JO. Microtubule-dissociating drugs and A23187 reveal differences in the 
inhibition of synaptosomal transmitter release by botulinum neurotoxins types A and B. J 
Neurochem 1991;56:827-835. 

50. Simpson LL. Use of pharmacologic antagonists to deduce communalities of biologic activity 
among clostridial neurotoxins. J Pharmacol Exp Ther 1988;245 867-872. 

51. Burgen ASV, Dickens F, Zatman LJ. The action of botulinum ioun on the neuro-muscular 
junction. J Physiol 1949;109:10-24. 

52. Sellin LC, Thesleff S, DasGupta BR. Different effects of types A and B botulinum toxin on 
transmitter release at the rat neuromuscular junction. Acta Physiol Scand 1983;119:127-133. 

53. Sellin LC, Kauffman JA, DasGupta BR. Comparison of the effects of botulinum neurotoxins 
types A and E at the rat neuromuscular junction. Med Biol 1983;61:120-125. 

54. Kauffman JA, Way JF, Siegel LS, Sellin LC. Comparison of the action of types A and F 
botulinum toxin at the rat neuromuscular junction. Toxicol Appl Pharmacol 1985;79:211- 
217. 

55. Duchen LW. An electron microscopic study of the changes induced by botulinum toxin in the 
motor end plates of slow and fast skeletal muscle fibres of the mouse. J Neurol Sci 
1971; 14:47^0. 



4 



1 



Experience witi 


56. 


Diaz J, Mol 




term paraly 


57. 


Spencer RF 




Arch Ophth 


58. 


Alderson K 




actions in t 




1991;41:18( 


59. 


Schantz EJ, 




ins in medi 


60. 


Tacket CO, 




toxin. San 1 


61. 


Hughes JM 




features of 


62. 


Terranova 




1979;241:4' 


63. 


Long SS, ( 




features of 


64. 


Donadio J\ 




197I;I24:I( 


65. 


Cherington 




Muscle Net 


66. 


Pickett J, E 




clinical and 


67. 


Jablecki CI 




disorders, f 


68. 


Martinez A 




Elec trophy s 


69. 


Wright GP. 




I955;7:4I3- 


70. 


Lamanna C 




response to 


71. 


Legroux R, 




botulisme e 


72. 


Gunnison J 




administrati 



>\er and Setter Experience with Botulinum Toxin Type B 85 



Eds. Clostridia. 




\J\a.lj J, IVHJlliU J, rCLUl LyCClldVaJ^ollIC IVl . OUIUUlIUt, \.}\ liVJj; IIILJH,.'! lid Vk, K^iiiiiiiai^ ui ici ivjiig; 






fprni n;ir:*lvv;i<; Kv hntiiliniim tvrv* A tnYin NpiirriQri I Ptt 1 9HQ'Qf>' 1 ?7— I ^? 
ici 1 1 1 LJui ciiyoiii i.'v L-'i.^ lu iiiiuiii ly la^ / 1 iwaiii. im^ui VJ3V i ii ■ 7vjj^j\}.\^i i ^/i. . 


auc L, Dolly JO. 


57 


Snt^nrpr RF MrNppr KW Rntiiliniim fnxin naralvsis of adult nionkev extracx^ular muscle 


1 the blockade of 




/Alt ii vjpiiuidi inui 1 Vo / , 1 UJ . 1 / UJ>— 1 / I 1 . 




Jo 


AlHf"r^r»n \C H/ilrIt IR A nHpr*;nn CI RnMiIiniim-inHiiPpH ^iIlprMtinn^ ^^f nprvp-mii*;plp intpr- 

/AiUCIbUII I\. , nUlU^ JD, /AllUCIaUll I\ L . DUlUHllLllll IIIUULCU allCi Ull 1^ VJl 1 ICl VC 11 IU3V..1C llllCl 


chain but not the 




aCllOllS HI lliC IlUindll OlUlCUIdriS OCUll lUllOWlIlg llCdUIlClll ItJl UiCpllalU^JJdMIl. 1>ICU1 UlUg;^ 


irenal chromaffin 




iqqi-AIi800_IKnS 

i "7 1 1 . i OVAT — 1 OVJJ . 




so 


ocnaniz tiJ, jonnson ca. rropenies ana use oi ooiunnum loxin anu ouier iniciooiai iicuiuiua- 


in Type A in the 




inc in mfHir'inf* \y1 1 rTr\hir*l 1 QQ / * SA • Xli—QQ 
111^ 111 IIICUICIIIC IVlltHJUIUl ixCV l77^,JU.O\J 77. 


urophamiacology 


fl\ 
OU 


1 dCKei KOgdwsKi ivi/A, DOiuiism. in. omipson ll, cu. lyuiuiiriurri ricur uiu.Kiri unu IclUrlU^ 




lOXin . Odll LylCgO. rVCdUciniC rlCSS, 1 70". J J 1— J* / O . 


id the cholinergic 


U 1 


Hitohpt \\A Rliimpnfh'jl IR V4prcrin ViH I nmhnrH CA Pinu/pll VR ri?inoam<;a Fl f^liniral 

n U^I iCa J IVl , 0 1 UII ICIIll Idl J IS. , IVlCi ^iJll IVin, l^OlIlUdl U VJL^, L/UWC11 vrx, vJall^clUJocl . V^lllUL^ai 




fisoti ir'tic c\( ti;F"uat A "ariiH R fr\i~\r\ l^i'^rTit* l^/^tiilicm Ann Tntf»m 10>tl'Q^'/1/17 /l/1S 

lediures oi lypcs /\ dnu d loou-Domc Doiuiisiii. /\iiii iiiiciii ivicu 1 70 1 ,7^.*+^-^ '■r^j). 


on of botulinum 


AO 
OZ. 


Terranova W, Palumbo JN, Bremen JG. Ocular findings in botulism Typ>e B. JAMA 






1 Q7Q''7yl 1 ■Al^All 
1 7 tyjjL^ 1 .4 / J— 4 / / . 


npson LL. Chan- 


OJ. 


T j-At-irt 1 idti jt- L' i II Dt-/-iiim I W/ /^iUin'in Dl-I ^^lm«/^il 1 1 W/^rQ tr^r\/ QnH f'n\/ 1 rp»n mpntQ 1 

Long vJdjewsKi JL, thrown lw, ouiigdn rn. ^luiicdi, iduoiaiuiy diiu ciiviiuiiiiiciiidi 


yers: relevance to 




fp'citiirf't irf inf'ant Kr'^tiilicm m cr*i i tVi*»'3Ctf*m P*»nnc vl v cm 1 1 I'prll^itriP^ 1 Qx S * 7 S S— Q4 1 
ICdlUlC^ Ul INlalll UiHUIl^>IIl 111 ^UULIlCdMCl 11 rCllllsjf IVdllld. I CUlall IV-S l 70^" , / ^. 7 7^^ i . 


;5;82: 1692-1696. 


04. 


L/onauio Jivi, oangarosa eJ, raicn vja. uiagnosis ana ireaimeni oi uoiuiism. j inieci uih 


euroloxins inhibit 




IV / 1 ,Iz4. lUo— I IZ. 


Chem 1989;264: 


A^ 


^wneringion ivi. riieciropnysioiogic meinoas as an aiu in uidgiiosis ui uuiuiisiii. a icvicw. 






Muscie iNerve i7oZ,o.jZ6— jzv. 


It Rev Neurobiol 


oo. 


I iCKcu J, Dcrg D, ^iiapiiii Druiisicuci-oiidici ivi-rt. oyiiuiuiiic ui uuiuiimh iii iiiiaiiv_j'. 






clinical and electrophysiological studies. N Engl J Med 1976^295:770—772. 


in synaptosomes 


O / . 


IiKl^ir-L^i C^i^ diir- 1 i-i^H i 'J rrnf^c t i 1 1 1 a ti/^n r\f T\rxttf^r\tc With mVfSCtnPniil (TTIIVIC Smn FPllitPfl 

jduiecKi Liiecirouidgnosiic evaiuduoii ui pducius wiiii iiiydMiicuid ^lavia anu itiaitu 


I and B. Biochem 




oisoroers. iNeuroi L,iin i voj,3.jj /— j /z. 




Do . 


ivianinez ai^, Anciones d, rerrer ivi i , uiez lejeuor c-, rerez ^^uiiuc ivn^, Dcscdiisd c-. 


aulain B, Lauc L. 




c-ieciropnysioiogic siuuy in oenign numan ooiuiisiii lypc d iviuacic i^civc i 7oj,o,jou— jo^. 


vyi;oy. 1 j3— loZ. 




Wrioht OP Xhp npi irr»tr»Y inc nf C Irivtrirtium hntufinnm anH C tnvtriHitim iPtnrti Pharmarol RpV 
V¥ llg,lll ^Ji. 11 IC IlCLlI UUJA 1I1^^ Ul l(JjiriLill4.ffl UUlUllflUffl dllU v, ifjjlf HJlurfl It: iLtftl , I 11*11 iinx\^\Ji ix^ v 


tins by chelators. 




1955;7:41 3-^64. 


70. 


Lamanna C. Immunological aspects of airborne infections: some general considerations of 


oxins revealed by 




response to inhalation of toxins. Bacteriol Rev 1961 ;25:323-330. 


)9:533-539. 


71. 


Legroux R, Levaditi JC, Jeramec C. Influence de voies d' introduction de la toxine sur le 


ilinum neurotoxin 




botulisme experimentale du lapin. Ann Inst. Pasteur 1945;71:490-493. 


97-501. 


72. 


Gunnison JB, Meyer KF. Susceptibility of monkeys, goats, and small animals to oral 


differences in the 




oHminict'rQf irtn r^f K^tiiliniim t(^vin fvrvc R sinH O 1 Infppf lQ'^n'4n'TTS t40 

duminisirdiiun oi uoiuiiiiuiii iuaiii, lypcs d, v^, diiu ij, j iiiic^-i i^ia 1 7^^,*+^. j-rv/. 


lypes A and B. J 






f biologic activity 






e neuro-muscular 






Dtulinum toxin on 






)83;1 19:127-133. 






inum neurotoxins 






-125. 






of types A and F 






col 1985,79:211- 







linum toxin in the 
se. J Neurol Sci 



0277-9730/82/Ol48-015O/$02.{)O/0 

PEDIATRIC INKKCTIOfS DIStASK. 

Copyright & 1982 by ihe Williams &. WUkinw Co. 



Vol. 1, No. 3 
Printed in U.S.A. 



Clinical characteristics of infant botulism in the 
United States: a study of the non-California cases 

RICKEY WILSON, MD,* J. GLENN MORRIS, JR., MD, MPH, TM, JOHN D. SNYDER, MD AND 
ROGER A. FELDMAN, N^D 



We reviewed the clinical features of 99 cases 
of infant botulism reported to the Centers for 
Disease Control from states other than Califor- 
nia for the period 1976 to 1980. There were no 
toxin-specific differences in the distribution of 
ages at onset or sex of the cases. For 76 (76%) 
patients for whom data were available the most 
common presenting symptoms were poor feed- 
ing (43%) and constipation (24%). Weak suck, 
poor head control, floppiness, weakness in ex- 
tremities, difficulty swallowing, altered cry and 
constipation were reported in over three-fourths 
of the infants for whom data were available. 
Loss of facial expression, extraocular muscle pa- 
ralysis, dilated pupils and depression of deep 
tendon reflexes occurred significantly more fre- 
quently among infants with type B botulism than 
among those with type A botulism. Ventilatory 
assistance was required for 61% of infants re- 
ceiving aminoglycosides after the onset of weak- 
ness compared to only 26% of those infants not 
receiving aminoglycosides (P — 0.01). Infant bot- 
ulism presents a characteristic clinical picture 
and should be suspected when an infant presents 
with weakness. 

INTRODUCTION 

Infant botulism is a distinct clinical entity occurring 
in children generally less than 6 months old and caused 
by the intraintestinal production of a neurotoxin by 
Clostridium botulinum. The described clinical fea- 
tures of this illness' have been based on either small 
case series or cases reported from a limited geographic 
area. Since the report of the first case in 1976, the 
Centers for Disease Control (CDC) have collected 
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both clinical and epidemiologic data on the infant 
botulism. In this study we present cHnical data on 
those cases reported to the CDC between 1976 and 
1980 from states other than California, with data on 
foods eaten prior to onset of illness, presenting signs 
and symptoms, clinical course and outcome. The epi- 
demiologic features of these cases are reported else- 
where (J. Morris, J. Snyder, R. Wilson, et al. Epide- 
miologic characteristics of infant botulism in the 
United States: A study on non-CaUfornia cases. Sub- 
mitted for publication to Journal of Infectious Dis- 
eases.). We show toxin-specific differences in the rel- 
ative frequency of signs and symptoms of infant bot- 
ulism and confirm the association of aminoglycoside 
therapy and the worsening of respiratory function as 
measured by the need for ventilatory assistance. 

MATERIALS AND METHODS 

We defined a case of infant botuhsm as illness in an 
infant (<1 year of age) with the known effects of 
botulinal toxin; all cases were laboratory-confirmed by 
finding either botulinal toxin or C. botulinum in a 
stool specimen. Data concerning infections in asymp- 
tomatic cases and data from cases in California were 
excluded. 

Ninety-nine (53%) of the 188 cases of infant botulism 
reported to the CDC for the period 1976 to 1980 were 
from states other than California. Twenty-three (23%) 
cases were from Pennsylvania and 20 (20%) cases were 
from Utah. All but one Pennsylvania case were type 
B botulism while all but two Utah cases were type A 
botulism. 

A questionnaire was completed for each case by the 
local health department or CDC personnel at the time 
of the patient's illness. The questions concerned toxin 
type, age at onset (defined as the age at which the 
infant was first brought to a physician), sex, place of 
residence, presenting signs and symptoms, chnical 
course (including need for respiratory support, anti- 
microbials administered, diagnostic studies performed 
and outcome. A food preference history was recorded 
for the period prior to the onset of illness. Formula 
and breast feeding frequencies were recorded semi- 
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quantitatively. The categories used were ''exclusively 
breast-fed," "greater than 50% breast-fed,*' "fed breast 
milk and formula equally " "greater than 50% formula- 
fed," and "exclusively formula-fed." 

RESULTS 

There were no significant toxin- specific differences 
in the distribution of ages at onset or sex of cases 
(Table 1). Questionnaire data, sometimes incomplete, 
for 90 (91%) of these cases were available for analysis. 
For 76 patients where data were available, the most 
common presenting symptoms were poor feeding 
(43%) and constipation (24%). Irritability (8%), altered 
cry (8%) and generalized weakness (7%) were less 
frequently reported. 

Symptoms affecting a majority of patients for whom 
information was available are shown in Table 2. Less 
commonly reported signs included sluggishly reactive 
pupUs (31/62, 50%), dehydration (28/62, 45%), extra- 
ocular muscle paralysis (18/60, 30%), fever (19/74, 
26%) and pneumonia (18/71, 25%). 

There were no statistically significant associations 
found with breast or bottle feeding and duration of 
hospitalization or outcome. Stratification by toxin 
type did not alter these results. 

There were toxin-specific differences in the fre- 
quency of certain signs and symptoms occurring dur- 

TABLE 1 

Age a/ presentation of in fan/ botulism by toxin type 



Toxin Type 


No. of Patients of Fol- 
lowing Age at Presenta- 
tion (Weeks) 




Sex 


0-5 


6-11 


12+ 


Male 


Female 


A 


4 


19 


31 


30 


24 


B 


6 


18 


19 


20 


23 
1 


Other" 


2 


0 


0 


I 



F botulism. ^H-^^...." 

TABLE 2 

Common signs and symptoms found in patients with infant 
botulism 



Symptom 
Weak suck 
Poor head control 
"Floppy" infant 
Weakness in extremities 
Trouble swallowing 
Altered cry 
Constipation 
Somnolent 

Loss of facial expression 
Irritable 
Sign 

Depressed knee tendon reflexes 
Sluggishly reactive pupils 



No. Af- 
fected 

73 
76 
69 
66 
65 
G5 
63 
44 
42 
40 

30 
31 



Total 



76 
79 
72 
71 
71 
73 
76 
62 
61 
66 

58 
62 



96 
96 
96 
93 
92 
89 
83 
71 
69 
61 

52 
50 



TABLE 3 

Comparison s of frequen cy of signs and symptoms by toxin type 



Sign or Symptom 



No, Affected/Total 



Type A toxin 


Type B toxin 


P 


12/25 (48)° 


30/36 (83) 


0.004 


7/24 (29) 


23/34 (79) 


0.005 


1/23 (4) 


9/33 (27) 


0.028 


4/26 (15) 


14/33 (42) 


0.047 



Loss of facial expression 

Depressed knee deep ten- 
don reflexes 

Dilated pupils 

Kxtraocular muscle pa- 
ralysis 

" Numbers in parentheses, percentage. 



TABLE 4 

Need for ventilatory assistance and the use of aminoglycosides 
Chi square = 5.86; P ^ 0.01; relative risk = 2.23. 



Ventilatory Assist- 
ance Required 



Received Aminogly- 
cosides 



Did Not Receive 
Aminoglycosides 



Yes 
No 



17(61)^' 
10 (26) 



12 

28 



" Numbers in parentheses, percentage. 



ing the illness {Table 3). Loss of facial expression, 
extraocular muscle paralysis, dilated pupils and de- 
pression of deep tendon reflexes were observed more 
commonly among infants with type B than among 
those with type A botulism. There was no significant 
difference in the mean length of hospital stay for 
infants with type A botulism when compared to those 
infants with type B botulism (39.6 + 3L1 days for 
infants with type A botulism versus 28.4 ± 23 days for 
infants with type B botulism, p = 0.08 (Mann- Whitney 
U test)). Toxin types was also not found to be associ- 
ated with the need for ventilatory assistance or with 
survival. 

Thirty-seven (43%) of 86 patients for whom data 
were available required ventilatory assistance (i.e. me- 
chanically assisted ventilation). There was no associ- 
ation between exposure to formula, cow's milk (pas- 
teurized and unpasteurized), fruit juices, syrup, honey, 
fruits, vegetables, home-canned foods or baby foods 
and the need for assisted ventilation. There was also 
no association between use of assisted ventilation and 
age at onset of illness, toxin type or presenting signs 
or symptoms. The use of ventilatory assistance was, 
however, associated with the administration of ami- 
noglycosides to the patient after the onset of muscle 
paralysis (Table 4). No association was found between 
the use of any antimicrobial in the 2 weeks prior to 
onset of symptoms and the subsequent use of assisted 
ventilation. 

Spinal fluid examination results were available for 
75 (83%) of 90 patients. The median number of leu- 
kocytes present was 1 (range, 0 to 16) per mm^ of 
spinal fluid, and the median spinal fluid protein con- 
centration was 34 mg per dl (range, 10 to 94 mg per 
dl). **Brief duration, small amplitude, overabundant, 
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motor unit action potentials'' was noted in 15 (68%) of 
22 patients tested. 

Follow-up was available for 89 infants; there were 
three (3%) deaths attributable to infant botulism 
among these patients. Duration of hospital stay was 
available for 69 (80%) of the 86 known survivors. The 
median length of hospital stay was 27 days (range, 2 
to 150 days). 

DISCUSSION 

The interpretation of this study must be tempered 
by the shortcomings of case recognition and reporting. 
Without a high index of suspicion and the collection 
of appropriate specimens, infants with the disease will 
be missed. Since mild or inapparent cases are missed, 
observations on the relative frequency of s>Tnptoms, 
risk factors and outcome may be skewed. There were 
also data missing on many of the reported cases. 
Despite these limitations our data allowed us to draw 
some conclusions concerning the clinical features of 
infant botulism. 

The signs and symptoms noted in our series are 
similar to those previously reported.'"'^ As reported by 
Arnon and Chin,'* although constipation was almost 
always confirmed it was not usually the chief com- 
plaint. Poor feeding was the complaint that most 
frequently led parents to seek medical attention for 
the infant. Neuromuscular involvement was most fre- 
quently manifested by poor head control, floppiness, 
and difficulty in swallowing, while extraocular muscle 
paralysis was less frequently noted than in adults with 
foodborn botulism.*" Cranial nerve involvement was 
usually manifest as *'loss of facial expression*' of 
*'mask-like faces." Hughes et al.*' in reviewing the data 
concerning the toxin-specific signs and symptoms of 
foodborne botulism found that disease due to toxin 
from type A organisms was more likely to be associ- 
ated with an increased frequency of dysarthria, blurred 
vision, dyspnea, diarrhea, sore throat and dizziness. 
Objective findings, including upper extremity weak- 
ness, ptosis, extraocular muscle paralysis, facial nerve 
paralysis, tongue weakness and nystagmus, were also 
more frequent among patients with intoxication by 
type A organisms. In contrast we observed that infants 
with type B botulism had more frequent findings of 



neurologic involvement. We cannot explain these ap- 
parently contradictory results. Perhaps there are age- 
dependent differences in the relative neurologic effects 
of these toxins. An alternative hypothesis is that de- 
tection biases led to the identification of a relatively 
greater proportion of minimally affected infants with 
type A botulism. We observed a longer duration of 
hospitalization for type A cases as compared to type 
B cases as had been reported by Arnon and Chin.'' 
This difference, however, was not statistically signifi- 
cant. As Arnon and Chin stated, the overlap in the 
length of hospital stay for their two groups made these 
data of limited usefulness. 

We have indirectly confirmed the observation that 
aminoglycoside therapy potentiates neuromuscular 
blockade of botulinal toxin.' The increased need for 
mechanically assisted ventilation in patients receiving 
aminoglycoside therapy strongly supports the recom- 
mendation that these agents not be used in patients 
with infant botulism. 

Finally we observed only three deaths in our case 
series. With early recognition and good supportive 
care, infants with this illness can be expected to re- 
cover fully. The clinical features of infant botulism are 
sufficiently characteristic to allow the chnician to 
make the clinical diagnosis and obtain appropriate- 
diagnostic specimens. With increasing physician 
awareness of this disorder more children should be 
recognized and appropriately managed. 
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STEVENS-JOHNSON SYNDROME 



4. Antimicrobial prophylaxis is not recommended. 

5. Systemically administered steroids are not help- 
ful and they are possibly harmful. 
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Infant Botulism in 1980 

36 m^lpf^n!? ''V"^^"' botulism were reported to the Centers for Disea^ Control There were 

foxrind T '""^^ ^'""^ ^ ^ Thirty-three cases were due to type A 

IccuiVeS west oTt^^^^^^ 'IT ^'^^'"^ '^^^^^^^ ^" ^ infant botulism cases 

suJe^inlLp^'nH botulism were from one state. California, which has active 

mf7nt Wism^ "'"^''^ '^''^ ""^""^ ^^"'^^ ^^^^^^ epidemiological features of 

and^rZftl'Inh.Vnr^'^^^^ ''''' ^^"'.""^ ' ^^"^^'^ "^^^ '^^^^'^^ ^^^^ ^"-^-^^^ recognition 
be coSed t thP ^ '/.^f ^^P^^^^'^ n^ay continue to increase. Infant botulism should 

tion hvnotn / diagnosis of infants less than 6 months old with weakness, constipa- 

tion, hypotonia and cranial nerve palsies. ii=»nH<» 
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Botulinum B Toxin as an Alternative to Botulinum A 
Toxin: A Histologic Study 
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Michael Phelan, b.a., and ttRobert Ferrante, M.S. 
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Summary: Histochemical effects of botulinum B loxin were studied on fibers 
from longissimus dorsi muscle in Albino rabbits and compared to effects 
produced by botulinum A toxin. Acetylcholinesterase staining, muscle fiber 
size analysis, and ATPase staining indicated botulinum B toxin produced a 
dencp/ation gradient and field similar to that produced by botulinum A toxin. 
At 5 weeks postinjection with botulinum B toxin, analysis showed muscle 
fiber size variability, and diffuse acetylcholinesterase fiber staining compa- 
rable to botulinum A loxin at the injection site. Muscle sections taken at 4.0 
cm for analysis showed statistically significant decreased fiber size variability 
and contraction of acetylcholinesterase staining pattern for both immuno- 
types. In addition, the denervation reflected by histochemical staining and 
fiber size analysis appeared transient and lasted for approximately 3 months 
for both immunotypes. These findings suggest botulinum B toxin produces 
pharmacologic effects on innervation of striated muscle similar to botulinum 
A toxin. Because immunologic tolerance has been demonstrated after ther- 
apeutic botulinum A toxin injections, further clinical studies need to be con- 
ducted with other immunotypes of loxin with no cross-reactivity to type A. 
Keywords: Movement disorders— Botulinum B toxin— Botulinum A toxin- 
Animal Studies— Blepharospasm. 



Botulinum A toxin has been used in clinical stud- 
ies to treat a number of segmental movement dis- 
orders, including blepharospasm, hemifacial spasm, 
spasmodic torticollis, spasmodic dysphonia, and re- 
gional hand dystonias (1-10). 

Botulinum neurotoxins are produced by certain 
strains of the bacterial species Clostridium botu- 
linum and Clostridium baratii (11). The toxins are 
classified into seven serotypes A-G. The botulinum 
neurotoxins comprise a family of pharmacologi- 
cally similar poisons that block acetylcholine re- 
lease from peripheral nerves and cause a flaccid 
paralysis. Type A botulinum toxin is the serotype 
currently approved by the FDA for use in clinical 
practice. 



Address correspondence and reprint requests to Dr. Gary E. 
Borodic, 100 Charles River Plaza, Boston, MA 021 14, U.S.A. 



The essential pharmacologic properties of a point 
injection of botulinum A toxin to striated muscle 
are (a) the blockade of acetylcholine release; (b) 
diminished muscle fiber contractility followed by 
muscle fiber atrophy, which becomes prominent after 
several weeks (12-14); and (c) a reversal of dener- 
vation and muscle atrophy after 10-15 weeks as- 
sociated with collateral axonal sprouting and 
contraction of acetylcholinesterase fiber staining (12- 
15). The regional denervation effect and sequential 
reversibility of the therapy has been most useful in 
modulating treatment of regional movement disor- 
ders, such as essential blepharospasm (1-5). 

The effects of botulism toxin are temporary, 
therefore most patients have received treatment with 
botulinum A toxin on multiple occasions over many 
years (3,14,16). Repeated injections have led to 
lack of effectiveness in some patients, and sensiti- 
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zation to botulinum A toxin protein has been as- 
sociated with its use in others (17-21). Neutralizing 
antibodies to botulinum A toxin have been dem- 
onstrated using the standard mouse assay, and sen- 
sitization appears to be related to frequent injections 
at higher doses (16-21). Neutralizing antibodies as 
determined with the mouse assay appears to render 
the therapy ineffective (17,20,21). Due to sensiti- 
zation, other immunotypes of botulinum toxin need 
lO be considered for clinical application. 

This paper reports the histopathologic effects fol- 
lowing botulinum B toxin injection into striated 
muscle and compares these findings to those pro- 
riiired by botulinum A toxin. 

METHODS AND MATERIALS 

le following is an outline for culture production 
ootulinum B toxin (18). The B toxin used in 

^se experiments was prepared from CDC culture 

J8 (**bean strain" [origin British culture collec- 
' >n] NCTC-7273). This organism provided the 
xe for the B toxoid preparation used in for- 
ating the pentavalent vaccine. 
The culture media consisted of 15 g of tryptocase 
^6BL) with 5 g of yeast extract diluted in quantity 
sufficient to 1,000 ml with norma! saline. The pH 
was adjusted to 7.2 with sodium hydroxide (solu- 
tion A). Another solution consisting of 20% glu- 
cose was autoclaved for 15 min at 121° F (solution 
B). Ten milliliters of solution A was placed in 200 
ml of solution B (solution C). A 24 h culture of the 
organism was made with CMC media (BBL). Five 
milliliters of the CMG-botulinum B toxin culture 
were used to inoculate solution C. Toxicity deter- 
minations were made over 3 days: day 1 — 10,000 
Mouse LD 50/ml; day 2—100,000 Mouse LD 50/ 
ml; and day 3 — 100,000 Mouse LD 50/ml (1 lU 
= one LD 50 for white mouse). 

3 N sulfuric acid was added to the flasks after 3 
days, which develops the "mud,'' a suspension with 
stable biologic B toxin activity. 

This preparation was diluted in normal saline 
containing 5% glycerin and 5% gelatin in acetate 
buffer adjusted to pH of 4.7. 

Specimens taken from longissimus dorsi of 2-3 
kg albino rabbits were immediately placed in cold 
(4°C) formol-calcium (Baker's solution) and fixed 
for 6-12 h at 4° C. Muscle specimens were then 
cryoprotected in gum sucrose solution for 3 h. The 
muscle was oriented both in cross and longitudinal 
plane on a specimen chuck in OCT compound (Tis- 



sue Tek) and frozen in a cryostat. Cut tissue sec- 
tions (10 ^jim) were adhered to gel coated slides, 
air dried for 2 min, and subsequently stained for 
acetylcholinesterase activity (Geneser-Jensen and 
Blackstad, 1971) (22). Enzyme histochemistry for 
myofibrillary ATPasc activity (Brooke, Kaiser, 1969) 
(22) and NADH activity (Scarpelli, Hess, Pearse, 
1958) (22) was also conducted on the specimens. 
Sections for acetylcholinesterase activity were in- 
cubated in a solution containing 13 ml of maleic 
buffer (1.96 g maleic acid, 0.8 g NaOH, 10.8 ml. 
IN NaOH, 200 ml distilled water), 10 mg acetyl- 
thiocholine iodide, 2 ml 0.03 M cupric sulfate, 1 
ml 0.1 sodium citrate, and 0.5 M potassium ferri- 
cyanide for 1 h at 37°C. Contiguous cryostat sec- 
tions were stained either with hematoxylin and eosin 
or with Gomori trichrome stain to assess normal 
tissue morphology. 

Alternatively, fresh skeletal muscle tissue was 
flash frozen in isopentane, and cooled to — 160° C 
using liquid nitrogen. Serial cut sections (10 jxm) 
were stained with hematoxylin and eosin or Gomori 
trichrome to identify any tissue alterations. Enzyme 
histochemistry for acetylcholinesterase activity was 
used to quantify endplate structures and assess for 
denervation. 

Histologic measurements were made with the 
bioquant II system. Fiber size variation compari- 
sons were generated using standard deviation and 
variance values counted from at least 200 fiber di- 
ameters. Also, an F ratio test was conducted to 
compare fiber size variability. 

RESULTS 

Five Weeks After Point Injection of Botulinum B 
Toxin (Dose = 15 lU/kg) 

Using the fiber size variability analysis as an in- 
dication of denervation, a marked degree of fiber 
size variability was demonstrated at the injection 
site 5 weeks after the injection of botulinum B toxin 
(fiber size diameter median = 44.4 microns; var- 
iance = 493; standard deviation = 22.2) (Fig. lA). 
When compared to untreated control values (fiber 
size diameter average = 37.95, variance = 78.6, 
standard deviation = 8.9), the fiber size variation 
was significantly greater than controls (F ratio = 
4.32 P < 0.01). 

When comparing a muscle biopsy 4 cm from the 
injection point, there appeared to be a significant 
diminution in fiber size variability (median fiber 
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diameter = 58, variance = 278, standard deviation 
= 16.4) (Fig. IB). Fiber size variability at 4 cm 
was significantly different from the injection point 
(F ratio = 1.77, P < 0.05) indicating regional de- 
nervation was more pronounced at the injection site 
than at 4 cm. Fiber size variability at 4 cm was, 
however, still significantly greater than fiber vari- 
ability within control specimens (F ratio = 2.4, p 
< 0.01) indicating a denervation process even at 
this distance from the point injection. 

Additionally, the spread of cholinesterase was 
most prominent at the injection site (Fig. 2A). At 
4 cm from the injection site, there was a substantial 
diminution of acetylcholinesterase spread ap- 
proaching normal intensity (Fig. 2B). 

In control specimens, myofibrillary ATPase ac- 
tivity at pH = 9.4 demonstrated type 1 and type 2 
fibers. The number or percent ratio of type 1/type 
2 fibers was 3.5% of the total. Type 1 fibers were 
evenly distributed throughout the muscle specimens 
in the saline injected control tissue. At the injection 
site there was marked variation of muscle fiber size 
effecting both fiber types (Fig. 3A). The pattern of 
fiber typing was altered in that there were now small 
groups of type 1 fibers, suggesting denervation and 
renervation. The ratio of type 1/type 2 fibers in- 
creased significantly with type 1 fibers representing 
22% of the total population. Distally, 4.5 cm away 
from the injection site, there was much less fiber 
size variability. The percentage of type 1 fibers was 
reduced (10.7% of the total), although still not nor- 
mal (Fig. 3B). 

The NADH activity equally demonstrated alter- 
ations in the fiber size as well as the fiber typing. 
In addition, the method identified changes in the 
intermyofibrillary network consistent with dener- 
vation at the injection sites. 

Fourteen Weeks After Point Injection of Botulinum 
Toxin B 

There was significantly less acetylcholinesterase 
staining when comparing the injection site at 14 
weeks versus 5 weeks. There were minimal differ- 
ences in acetylcholinesterase activity at 14 weeks 
compared to controls. Fiber size variability ap- 
peared not to be significantly different from control 
variability 14 weeks after injection (average diam- 
eter = 29.5 microns; variance = 75.7; standard 
deviation = 8.7; F ratio = 0.7; P = NS). 

Furthermore, there was no difference in the fiber 
size variability or acetylcholinesterase staining pat- 



tern when comparing the injection site with muscle 
tissue 4 cm from the injection after 13 weeks (fiber 
diameter = 28.1; variance = 54; s = 7.4; F ratio 
= 0.47, P = NS). 

In summary, at 14 weeks both acetylcholinester- 
ase and fiber size analysis did not appear to indicate 
significant denervation. 

Botulinum A Toxin Diffusion Gradient Data After 5 
Weeks (Dose = 2-3 lU/kg) 

There was considerable fiber size variation at the 
site of injection associated with the spread of ace- 
tylcholinesterase staining on muscle fibers in three 
animals studied (median diameter = 27.3 microns; 
s = 14.55; V = 212; F ratio - 2.5; P < 0.01). 
At 15 mm from the injection site, similar fiber size 
variability and cholinesterase spread were noted 
(median diameter = 30.7; s = 12.9; v = 166; F 
= 1.98, p < 0.01). At 40 mm there was consid- 
erable contraction of the acetylcholinesterase stain- 
ing pattern as well as more uniform muscle fiber 
diameter sizes (median diameter = 24.9; s = 9.7; 
V = 93; F = 1.11; P = NS). At 45 mm, the 
acetylcholinesterase staining pattern and muscle fi- 
ber size variations were similar to controls (median 
diameter = 30.6; s = 6.4; v = 41; F = 0.49; P 
= NS). 

At the same saline injection site and 15 mm in- 
tervals. Table 1 outlines control values for fiber size 
variability and acetylcholinesterase staining pat- 
tern. 

DISCUSSION 

Basic Science and Pharmacology of Botulinum B 
Toxin Compared to Botulinum A Toxin 

Botulinum type A and B neurotoxins exhibit a 
number of functional, structural, and mechanistic 
similarities. Both produce chemical denervation at 
the neuromuscular junction that is thought to occur 
through a three-step process resulting in the irre- 
versible inhibition of normal neurotransmitter re- 
lease (23,24). Both species have a molecular weight 
of approximately 150,000 daltons and the active 
form of the toxin exists as a dichain molecule con- 
sisting of a light (Mr -50,000 DA) and heavy (Mr 
-100,000 DA) chain linked by a disulfide bond 
(25,26). 

Despite the general similarities between the A 
and B toxins, closer examination of these species 
reveals very significant differences. All of the neu- 
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rotoxins produced by Clostridium botulinum are TABLE 1. Control values on 

immunologically distinct, which suggests very sig- Fiber chei 

nificant differences in the amino acid sequences of Distance from diameter Cholinesterase outl 

these toxins. Analysis of the partial amino acid se- Point injection (microns) Variability staining pattern J 

quences for the A and B types has revealed greater injection point 37.2 v =^ 84 focal bod 

homologies between the primary and secondary 11'^'^ ^ ^ " 5? A V 

* % *u 1- u* u • 1- . I- L . ^^mrr\ 31.9 v = 35 focal 

structure tor the light chains than the heavy chams. 45 mm 28.5 v ^ 70,1 focal anti 

The degree of primary structure homology is only 60 mm 41 v = 65 focal forr 

20% for the light chains versus 40% for the heavy The number or percent ratio of type 1/type 2 fibers was 3.5% of tOrt 

chains (27). Although similar in secondary and ter- i'^- to'^i >n control specimens. ijlin 

tiary structure, it is believed that differences in the cuh 

conformation of the neurotoxins at or near the ac- 32 

tive site may be responsible for the differences in application. Complications associated with thera- moi 

the neurotoxicity of the toxins (28). peutic injection of botulinum toxin in striated mus- mai 

Electrophysiological studies have demonstrated cle appear to result from unwanted spread of the wei 

that the botulinum toxins affect different steps in toxin into contiguous muscular structures causing sen 

the neurotransmitter release process. Botulinum B symptomatology. Ptosis and diplopia have been ons 

toxin affects synchronization of quantal transmitter known to occur following eyelid injections, while bot 

release whereas botulinum A toxin does not (29). dysphagia has been associated with botulinum in- The 

Similarly, differences exist with regard to the re- jections to the stemomastoid muscle (15,32). Re- ticc 

versibility of the inhibition of calcium-dependent gional diffusion may also be important for 40- 

release of neurotransmitter. Introduction of calcium homogeneous effects on an injected muscle. The ant 

into nerve terminals using a calcium ionophore pro- number and distance between injections may be im- rnu 

duces the release of transmitter from synaptosomes portant in saturating a muscle's innervation zone ren 

poisoned by botulinum A toxin more readily than (33). A fully saturated innervation zone presumably anc 

those poisoned by botulinum B toxin (30). At the will create a greater denervation effect (33). (19 

neuromuscular junction aminopyridine was also more The contained region of denervation produced by she 

effective at reversal of inhibition produced by bot- low dose injections prevents disseminated weak- has 

ulinum A toxin (31). Ashton and Dolly (30) have ness, a potential complication that may be encoun- A 

recently demonstrated that microtubule-dissociating tered with very high doses of botulinum A toxin. lisl 

drugs were effective in blocking the inhibitory ef- Containment of biologic effect is, of course, an ^ 

fects of botulinum B on neurotransmitter release essential pharmacologic property of therapeutic bot- bei 

and ineffective against the A toxin. ulinum injections, which can be assessed by using set 

The differences in the toxic and neurophysio- the histologic analysis outlined in this study. Since A t 

logical effects of the type A and B toxins may be regional and reversible denervation are universal ef- the 

related to the putative existence of two distinct re- fects of therapeutic botulinum A toxin injections for oc< 

ceptor (acceptor) sites for these species (29). Ex- any clinical application, assessing these properties for vel 

amination of the effect of botulinum A toxin on botulinum B toxin will be important prior to institut- jec 

125 I-botulinum B toxin binding to neuronal mem- ing clinical trials with this immunotype. Recently, No 

branes showed a very weak interaction involving further pharmacologic investigation with other im- pr^ 

both the high and low affinity sites for toxin bind- munotypes has been cited as a future goal of the 

botulinum toxin -clinical application technology (Na- cui 

tional Institute of Health Consensus Conference on ro^ 

Clinical Sienificance Therapeutic Application of Botulinum Toxin, No- cli 

^ vember 1990). an^ 

Botulinum A toxin has been useful in the treat- Botulinum B toxin has a different amino acid me 

ment of regional movement disorders. When in- sequence than botulinum A toxin. As the chemical bo 

jccted into muscles, the denervation effect appears composition is different than the A toxin, so is the as; 

to be contained within a definitive field from the antigenicity of the molecule. It has been long rec- 

injection site, and is temporary in nature. ognized that the cross reactivity of B toxin with A tht 

The diffusion of biologic activity away from the toxin antibodies is extremely small (33-37). Ad- oc 

injection site has important consequence to clinical ditionally, the receptor site for botulinum B toxin to? 
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on the presynaptic membrane is thought to be 
chemically distinct from the A toxin as has been 
outlined in the first section of this discussion. 

The literature contains reports of negative anti- 
body production in patients treated with botulinum 
A toxin (1,2). However, other reports show that 
antibody production is real. In a clinical study per- 
formed by Tsui (38), 32 patients with spasmodic 
torticollis who received rerpeated injections of bot- 
ulinum A toxin were tested for the presence of cir- 
culating antibodies. The results showed that 4 of 
32 patients (12.5%) produced antibodies after 2-9 
months of treatment. The remaining 28 patients re- 
mained seronegative for up to 30 months. The doses 
were the same for both the seropositive and the 
seronegative groups. Other authors have also dem- 
onstrated antibody formation in patients treated with 
botulinum toxin for spasmodic torticollis (20,21). 
The dose used for the treatment of spasmodic tor- 
ticollis is usually between 150-300 lU compared to 
40-100 lU for blepharospasm. The incidence of 
antibody formation in blepharospasm patients after 
multiple botulinum injection over many years still 
remains unknown, although the work of Gonnering 
and associates with the assistance of Hathaway 
(19,39) has suggested this is not a problem in the 
short term. Recently, a patient with blepharospasm 
has been shown to develop antibodies to botulinum 
A toxin after repetitive eyelid injections (unpub- 
lished data). 

Antibodies have been shown to neutralize the 
beneficial effect of botulinum toxin in a clinical 
setting (40). A patient immunized with botulinum 
A toxoid demonstrated circulating antibodies using 
the mouse assay. The toxoid was administered for 
occupational safety purposes. Subsequently, he de- 
veloped spasmodic dysphonia, and vocal cord in- 
jections with botulinum A toxin were attempted. 
No benefit was obtained presumably because of the 
presence of circulating neutralizing antibodies 
(40,41). Antibodies have been demonstrated to oc- 
cur at botulinum dose levels used to treat blepha- 
rospasm in several patients (40-100 lU) (40). More 
clinical study is clearly needed on the incidence of 
antibody formation in patients with chronic move- 
ment disorders treated with repeated injections of 
botulinum A toxin over many years to more exactly 
assess the incidence of sensitization. 

Since the B toxin is immunologically distinct and 
there has been a definite incidence of sensitization 
occurring with repeated injections of botulinum A 
toxin, the potential pharmacologic properties of bot- 



ulinum B toxin were investigated with respect to re- 
gional and sequential effects. Additionally, botulinum 
B toxin may have a different receptor than the A 
toxin, which could have future therapeutic signifi- 
cance. The method of determining regional dener- 
vation that has been helpful for botulinum A toxin 
has included acetylcholinesterase staining and fiber 
size variability analysis (15). Upon muscle tissue 
analysis with acetylcholinesterase histochemistry shortly 
after injection, patients noted to have had injections 
of botulinum toxin for blepharospasm were found to 
demonstrate substantial spread of acetylcholinesterase 
on muscle fibers (14,15). Furthermore, patients hav- 
ing muscle biopsies within 2 months of botulinum A 
toxin injection appear to have a higher degree of fiber 
size variability than controls (13). When biopsies were 
taken 4 months after injection, cholinesterase staining 
became indistinguishable from controls and fiber size 
variability returned to normal (13). The histologic se- 
quence demonstrated on those orbicularis specimens 
using botulinum A toxin, was reproduced on animal 
muscle specimens using botulinum B toxin in this 
study. 

In summary, this study has demonstrated that bot- 
ulinum B toxin is capable of producing regional de- 
nervation from a point injection and has a reversibility 
similar to botulinum A toxin. Therefore, it is antici- 
pated that the regional denervation effect that has been 
pharmacologically useful in the A toxin will be noted 
with the application of B toxin. 

There may be therapeutic significance to these 
findings, because immunologic resistance has oc- 
curred after repeated injections of botulinum A toxin 
for the treatment of segmental dystonia. Further stud- 
ies will be necessary to establish the stability, purity, 
and biologic activity consistency of botulinum B toxin. 
Because botulinum B toxin is immunologically dis- 
tinct, it may have differing biologic effects at the 
cellular level and may also be useful as adjuvant ther- 
apy for patients resistant or refractory to botulinum 
A toxin. 
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